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THE INTERRELATIONS OF EIGHT FUNDAMENTAL 
PROPERTIES OF CLASSES OF FUNCTIONS. 

BY 

ARTHUR DUNN PITCHER. 

Preface. 

In his Introduction to a Form of General Analysis* Moore defines 
General Analysis as “ the theory of classes of functions, functional 
operations, etc., involving at least one general variable.” The same 
memoir contains a theory of classes ID 1 ! of real-valued, single-valued 
•functionsf r of a general variable p on a general range 93. This theory 
relates to certain properties of classes 93? of functions. 

A property of functions y or of classes 93? of functions is said to be 
of general reference in case it is defined for functions or classes of func¬ 
tions on a general range 93. Thus finiteness on the range 93 and con¬ 
stancy on the range 93 are properties of general reference of functions y. 
On the other hand a property of functions y or of classes 93? of functions 
which refers to some special feature of the range 93 is a property of 
special reference. Continuity is a property of special reference of 

* Cf. E. H. Moore, Introduction to a form of General Analysis, The New Haven Mathe - 
matical Colloquium (Yale University Press, New Haven, 1910), pp. 1-160. In the sequel 
we refer to this paper as I. G. A. An exposition of the fundamental notions of his theory 
and its applications is given by the same author in his paper, On a Form of General Analysis, 
with Application to Linear Differential and Integral Equations , read before the Section on 
Analysis of the Rome Congress of 1908, Atti, etc., Yol. 2 (1909), pp. 98-114. 

f In this paper the term function is applied only to real-valued single-valued functions. 
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functions n since its definition is relative to some special feature, e. g., 
limit or distance postulated as defined for the range $. 

The principal properties of classes of functions used in the above 
memoir are: 

L (linear); C (closed); D (dominance); A (absolute); 

These properties are fully defined in the introductory sections of 
this paper. The first eight are the more important. The first four 
and the last are properties of general reference. The others are 
properties of special reference being defined relative to a so-called 
development A of the class $. Moore shows that these properties 
belong to many classes of functions of well-known importance in 
Analysis. Thus the classes: all numbers; all n-partite numbers; all 
absolutely convergent series; all sequences converging to 0; all con¬ 
tinuous functions on a closed linear interval, each possess the first 
eight properties. 

In the theory of Moore the development A of the range ^ is of 
fundamental importance and, as a basis of definition of properties of 
infinitary or infinitesimal nature like the properties K h Ki here in¬ 
volved,* is no doubt destined to play an important r61e in general 
function theory. In this paper various types of developments of iJJ 
singular (ip 1 ), dual 0P n> ), ip triple ($“•), $ finite $“*), $ denumerable 
($ ra ) and general are specified, f All of the independence examples 
and many of the theorems are in terms of these special developments. 

In the Introduction to a Form of General Analysis the importance 
of the property K m is displayed and indeed it is one of the goals of 
the theory. The possession of this property by a class SR' of functions 
insures a certain functional characterization of the so-called ^com¬ 
posite class, t (2R'9R")*, where W is an arbitrary class of functions 
having the properties L, C, D. Such a characterization is of funda¬ 
mental importance in the development of the general theory of dif¬ 
ferential and integral equations from the standpoint of General 

*Cf. I. G. A., § 07. 

15S15; 16; 47. 

t E. g., if ®T and SR" are, respectively, the classes of aU continuous functions of p 1 
and p" where p' and p" have the respective ranges, 0Sp'= 1, 0Sp"Sil; then the 
•composite class (SR'SR")« is the class of all continuous functions of the bipartite variable 
p'p" which ranges over the plane region: 0 g p‘ g 1, 0 ££ p" £ 1. 
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Analysis. Moore shows that the property is implied by the 
properties Z); A; Ki\ K t and that the genus of systems: 

2 = (»;<P;A;.9ft),* 
whose class 9ft has the properties: 

D; A; K\, Kt, 

is closed under composition of classes and developments.! In §§33; 
35; 40 we indicate three other extensive genera of systems: 

2 = (21; 95; A; 9ft), 

which are similarly closed under composition and whose classes 9ft 
have this fundamental property K m . 

This paper had its origin in an attempt to develop the complete 
existential theory, soon to be defined, of the properties: 

(2) L;C;D;A;A;tf i; A: 2 ;.K 12 *. 

This study has proved to be extremely interesting and suggestive and 
has given rise to many theorems not immediately connected with the 
complete existential theory. Such an investigation in connection 
with the fundamental postulates of other mathematical disciplines 
would no doubt prove to be equally fruitful. In our investigations 
we have made free use of the properties: 

(3) A;*.*;**, 

and many of the theorems involve these properties. 

A property P, defined for the elements of a certain class or for 
systems of a certain type, is said to be existent or non-existent (for 
that class or-type) in'case there exists or does not exist an element 
of the class in question or a system of the type in question possessing 
the property P. 

Consider in general n properties: 

(4) PxjP*; 
and their negatives: 

(5) ~Pij - P 2 ; • • •; ~P R , 

of systems 2 of a certain type. Consider 1 also the 2 # composite 

* A system (91; A; 971) is a class $ of elements with a development A, and a class 2R 
of functions on % to 91* (9C denotes the class of all real numbers.) 

11. G. A., § 84. 
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properties: 

(6) (++••• ++); (++ ••• -t—); (— ••• —h); 

(-), 

formed from the properties (4) and (5), the part i of each composite 
property being + or — according as the property P,- is taken positively 
or negatively. The complete existential theory* of the n properties 
(4) of systems S consists of a body of 2 n propositions, one relative to 
each of the composite properties (6). Each proposition states that 
for the required type of systems 2, the composite property in question 
is existent or non-existent. If the proposition is one of existence it is 
proved by the exhibition of a suitable system 2. If the proposition is 
one of non-existence it is proved by a general argumentation showing 
a relation amongst the properties (4). 

The n properties (4) are said to be completely independent ( and 
mutually consistent) in case the 2“ propositions of the complete theory 
are propositions of existence. The n properties are independent in 
the usual sense in case there exist n systems 2 each failing to have 
precise'y one of the n properties so that no one of the n properties 
is implied by the remaining n — 1 properties. 

We show that of the 2 8 = 256 composite properties arising from 
the properties (2), 145 are existent and 108 non-existent. We are 
unable to decide whether the three composite properties: 

(7) LC-DAAK.KfK^; L~C~DAAK l KfK m ; LC-D-AAKfifK^, 

are existent or non-existent, but we do show that for certain very 
extensive regions of the general field they are non-existent. 

Each of the 145 independence examples consists of a particular 
system (21; ^8; A; 2ft). An exhaustive study is made of such systems 
in the various cases where $ is SJ3 11 *; $ 11 *; $ n « and a complete theory 
is given for each of these cases. The known 145 existent composite 
properties are all existent for systems (SI; ^5; A; 231) where $ is de¬ 
numerable. 

For the convenience of the reader we give, in the introductory 
sections, an exposition of those fundamental notions of the Intro¬ 
duction to General Analysis which are essential to the comprehension 
of this paper, together with those propositions and.theorems frequently 

* I. G. A., $ 47. 
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used in the sequel. We do not hesitate to use the exact language 
of the above memoir when it seems best to do so for our purpose. For 
convenience we include in the introduction a section on special types 
of developments A. 

We follow Moore in the use of certain logical symbols which are 
extremely convenient and almost necessary. In practice these 
symbols mightily aid in argumentation by the complete and explicit 
representation of the notions in thoroughly convenient and concise 
form. We begin with a list of these symbols, and in the introductory 
sections we translate sufficiently many of the symbolical statements 
so that throughout the paper the reader should find no difficulty in 
understanding the notations. 

It is with pleasure that, in concluding this preface, we express 
our obligation to Professor Moore for aid and inspiration freely given 
in the preparation of this paper. 

Introduction.—An exposition of certain of the fundamental notions 

of the General Analysis of Moore . The definition of certain 
special types of developments A of classes ^j}. §§ 1-23. 

1. List of logical symbols with interpretations .*— 

= logical identity 
4= logical diversity 
= definitional identity 
. d . (for every • • •) it is true that 
( ) implies ( ) 
if ( ) then ( ) 

. c. ( ) is implied by ( ) 

.«. ( ) is equivalent to ( ) 

( ) implies and is implied by ( ) 

d ; c; ~ implies; is implied by; is equivalent to (as relations of 
properties) 

3 there exists a (system; class; element; etc.) 

» such that; where 
• and 

signs of punctuation in connection with signs of implication, 
etc.; the principal implication of a sentence has its 
sign accompanied with the largest number of punctu¬ 
ation dots. 

*1. G.A.,pp. 160. 
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- or 

— not 

[ ] a class of (elements; functions; etc.) 

[all ] the class consisting of all (elements; functions; etc.; having 
a specified property or satisfying a specified condition) 
U [50] the least common superclass of the classes 50 of the class 
[50] of classes 

fl [50] the greatest common subclass of the classes 50 of the class 
[50] of classes 

2. The General Analysis of Moore is concerned with the theory of 
real-valued, single-valued functions on a general variable. Otherwise 
stated it is concerned with functions on $ to 21 where 50 = [p] is a 
general class of elements* and 31 s [a] is the class of all real numbers. A 
function assigns to each element p a real number a. 

Moore adopts the terminology of the theory of functions, f Denote 
a function on $ to 31 by u- Then p is the variable of the function p; 
the class 50 is the range (of the variable) of the function p; at the 
argument value or place p the ‘function p has the functional value p p , 
etc. 

Such a function p is indicated by the various notations: 

0*p)> (/**>! p), Wp*)- 

The last notation may be read: “ The system of (functional) values p P 
where p varies over the class 50.” The intention is to discriminate 
sharply between function and functional value. 

The. general theory relates to properties of classes 501 of systems 
(31; 50; 3ft) where 31 and 50 are defined as above and 

501 s[p] 

is a class of functions on $ to 31. 

In particular the following special systems]: are noticed: 

(I) 50 1 is the class of a single element: e. g., p = 1. 

2ft 1 is the class of all functions on 50 1 to 31, i. e., in effect 501 1 is the 
real number system 81. 

(II B ) ip 11 * is the class of n elements: e. g., 50 *= 1,2, • ■ • n. 

* German capitals are used to denote classes. The elements of these classes are denoted 
by the corresponding small Greek or Latin letters. 

11. G. A., § 4. Moore here indicates a more general function F on $ to 

tl.G.A., §5. 
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3R 11 * is the class of all functions y on $ n » to 31, viz., of all 
n-partite real numbers: 

M s (Mp|p) s (mi, M2, • • •, Mn). 

(III) Sp in is the class of a denumerable infinitude of elements: e. g., 

P = 1, 2, 3, • • •, n, • • •. 

2J1 111 is the class of all functions y on to 31, viz., of all in¬ 
finite sequences of real numbers: 

M - Wp) = 0*i, u 2 , y n , • • •)• 

(IIIo) 9JZ m ° is the subclass consisting of all functions ju such that 

Lmj> = 0. 

p=oo 

(III,) 9Jl m * is the subclass of all functions y such that 

±Ay' P 

* P=1 
converges.* 

(IV) . $ IV is the finite interval! (0 1) 

OZpll 

of the real system number 31. 

SD1 IV is the class of all continuous functions of p on $ IV to 31. 

3. Relatively uniform, convergence. —Moore introduces the notion 
of relatively uniform convergence.\ In order to introduce the notations 
and clarify the idea we indicate here the various kinds of convergence 
reserving until last the relatively uniform convergence. § 

The sequence {y n \ of functions y n on 3) to 31 converges to the 
function d as limit: 

(1) = e, 

n 

in case 

(2) p . e: 3 :3 n p , ; > n p ,. d . A(y np - 6 P ) ^ e, 

viz., for every p and e|| (it is true that) there exists a positive integer 

* A denotes absolute value of. 

t The theory relates equally to case IV for any interval (a 0 ai). 

11. Q. A., $ 7. This is an instance of relative uniformity in general. See I. G. A., 

i6. 

§ I. G. A., J7. 

|| e denotes a positive number greater than zero. The Glass of all such is denoted by [e]. 



8 


pitches: interrelations op 


n„ (dependent on p and e) such that for every n exceeding n P , (it is 
true that) the absolute value of (m# p — 6 P ) is at most e. 

The convergence is said to be uniform over the range 

(3) Lm» = e rn, 

n 

in case 

(4) e :d : in. » n > n ,. =. A(u np ~ 0 P ) ^ e (p),* 

viz.,- for every e there exists a positive integer n« such that for every 
n exceeding n, the absolute of the function (m„ — 0) is for every p at 
most e. 

For a function <r, the absolute of <r, in notation: Atr, is the function on 
$ to 21 for which (Aa) p = A{u v ) for every p. 

The sequence {/in} is said to converge to 0 uniformly on the range 
$ relative to or as to the scale a: 

(5) L/x„ = 0 OP; a), 

n 

in case 

(6) e : o . 3 w, ^ n .• . A (ju„ **~ 0) ^ eAtr ^ 
that is, 

(6 ) 6 • 3 Tie ^ Tie • 3 • A(flnp ~~ Op) ^ eA(T p (p), 

viz., for every e there exists a positive integer n, such that for every n 
exceeding n, it is true that for every p the absolute value of (n nP —0 p ) 
is at most e multiplied by the absolute value of a p . 

Uniform convergence is an instance of relatively uniform con¬ 
vergence the scale function being the constant function 1. 

We speak of the convergence of the sequence {/*»>) on uniformly 
on uniformly on $ as to <r, in case there exists a function 0 effective 
as the limit of the sequence: 

L/x» = 6 ( p ); Lm» = 0 ($); L/Xn = 0 ($; <r), 

n n n 

for the respective modes of convergence.! 

3o. Relative uniformity as to a class of functions .—A sequence 
M of functions is said to converge to a function 0 uniformly as to a 
scale class © = [cr], in notation: 

Ljxn = 0 OP; ©), 

n 

* The significance of the (p) at the end of a statement is that the previous relations 
hold for every p of the range $ 
tI.G.A.,18. 
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in case there exists a function a of © such that the sequence {m#} 
converges to 0 uniformly as to a, that is in case 

Lju» = 9 (33; a). 

n 

4. Definitions.* —In §4a are stated the simple relations holding 
between various cases of relatively uniform convergence, the sequences 
being the same and the scale functions different. 

A function a is said to be dominated by fa function t in case 
Aa ^ At, that is, in case A<r p ^ At p for every p. 

A class © m [<r] of functions is said to be dominated by a class 
X = [r] of functions in case for each function a there exists a function 
r depending on a such that a is dominated by r. 

4 a. Propositions.% —(1) Uniformity (of convergence) as to a implies 
uniformity as to every function dominating a. 

(2) Uniformity as to a and uniformity as to acr (a # 0) are equivalent. 

(3) Uniformity as to 0 implies that the functions of the sequence 
are ultimately equal and hence implies uniformity as to every func¬ 
tion a. 

(4) If Air is uniformly bounded from oo, viz., 

3es Aa ^ e, 

then uniformity as to a implies uniformity (i. e., ordinary uniform 
convergence). Similarly if Aa is uniformly bounded from 0, viz., 

3e?e 5; Aa, 

then uniformity implies uniformity as to a. 

5. The extension of a class 2ft of functions as to a function a or as 
to a class © of functions .§—2ft„ the class 3)1 extended as to the function a, 
is the class of all functions 6 of the form: 

9 = LjUn (35; <r), 

n 

viz., of all limit functions of sequences {p n } of the class 2)1 converging 
on 3$ uniformly as to the function a. In symbols: 

' 2)1, = [all0 = LOP;*)]. 

*1. G.A., §| 9; 18. • 

t This property dominated by is a relation between the two functions <r and r. In 
practice it is thought of as a property, in notation: Bit, of the function <r. Similarly in 
case the class & is dominated by the class %, the class & is said to have the property Bi%, 
tl. G. A., § 9o. 

§ I. G. A., {14 
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2 )the class 9JJ extended as to the doss @, is the class of all func¬ 
tions 6 of the form: 

0 = (P;<r), 

n 

viz., of all limit functions of sequences {ju„} of the class 9)1 converging 
on 21 uniformly as to some function a of <$. In symbols: 

2K S = [aU0 = Lun (?; *)].* 

n 

6. Closure properties .—In the theory of Moore certain closure 
properties of classes of functions are fundamental. Of these closure 
properties we will be principally concerned with 

A (absolute); L (linear); C (closed). 

Classes possessing these properties are denoted by 

ST; ST; 9T, 

respectively. 

(1) 9T : = .=>. (Am)*”,! 

viz., the class 9)1 is absolute in case 9)1 is such that for every p (it is 
true that) the function Ap belongs to 9)1. Thus the class of all con¬ 
tinuous functions is absolute since the absolute of a continuous function 
is a continuous function. 

(2) < HJl L : = pi. pt. a x . a 2 ,z>. ( a\pi + a 2 p 2 ) m , 

viz., the class 9)1 is linear in case for any pi and p 2 of 9)1 and any real 
numbers oi and a 2 , the function aipi + a 2 p 2 belongs to 9)1. Thus the 
class of all convergent series is linear. 

(3) 2T. = .9)1 9 2J1 W = 9)1, 

viz., 9)1 is closed in case 2)1 is such that the extension of 9)1 as to itself 

* Here the form of d is the same as in the definition of SJl*. In the former case, however, 
the definition is relative to and a while here the definition is relative to 9W and @ ■ [<r] 
and accordingly the two forms have different significations. In the latter case the a is a 
part of the arbitrariness inherent in the notion form just as is the sequence {/*»} in both 
cases. 

t Relative to elements and classes in general an element x belonging to a class $ is 
denoted by the notations: x*) x B ^, so that the notations p; p9;'p*oV are interchangeable. 
Similarly a class X of elements belonging to a class $ is denoted by: Belonging 

to $ is a relation between an element x or a class X of elements and the class but in 
practice it is convenient to think of it as a property of the element x or class X of elements. 
See footnote to i 4. 
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is the same as SR, i. e., SR contains the limit functions of all sequences 
[y n ] of SR which converge uniformly as to some function y of SR. 

We note two other closure properties and a proposition. 

(4) ^multiplicative M to*. „ ; gft , M . a . 3 . (ay)*’*. 

(5) SR addUlve : *: 3R j mi . m* • = • G*i + yi) B °*- 

^0^ co . multiplicative as to Si 

viz., that the class SR is linear is equivalent to (implies and is implied 
by) the class SR is additive and multiplicative as to constants. 

7. Dominance properties .*—The dominance properties of classes of 
functions with which we shall be concerned are D, Di. 

A class SR of functions has the dominance property D in case for 
every sequence {m« 1 of functions of SR there exists a function y of SOI 
and a sequence {a„) of real numbers such that for every n the function 
Mn is dominated by the function a n y. In symbols: 

2R 0 .=. 9R j ({Mnl . 3.3 (a n . m) *Ay np ^ Aa„y P (np)). 

A class SR of functions is said to have the dominance property Di 
in case for every two functions mi and y 2 of SR there exists a number a 
and a function y of SR such that the function ay dominates mi and ms. 
In symbols: 

SR^ 1 . =. SR 9 (mi . M 2 • 3 • 3 (a . m) * Ami ^ Aay . Am2 ^ Aay). 

The following propositions are holding: 

(1) SR^.s. SR® 1 ; (2) SR^.3.3R*. 

The dominance properties are fundamental and especial importance 
attaches to the dominance property D. This dominance property 
enters the theory chiefly as a property of classes functioning as scales 
of uniformity. The reader is referred to the Introduction to General 
Analysis, §§21-26, for discussion of the various dominance properties. 
We state Theorem I of §25 of the above-mentioned work. 

Theorem I. If a class 0-° is the scale class of each of a sequence of 
instances of relatively uniform convergence, then the corresponding 
sequence {<r n j of scale functions may he replaced by a single scale function 
a effective for each of the instances. 

A similar theorem may be stated for Du 
*1.0. A., K19; 22. 
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Theorem II. If a class is the scale class of each of a finite 
number of instances of relative uniform convergence, then the corresponding 
finite sequence {<r„} of scale functions may be replaced by a single scale 
function a effective for each of the instances. 

8. Five properties of general reference. —The properties A; L; C; D; 
Di defined in the previous sections are properties of general reference* 
and are possessed by many classes of functions of recognized importance 
in Analysis. In particular the classes,! 

arc 1 ; arc 11 -; arc 111 ; arc 111 "; aw 111 *; arc IV , 

possess these properties. 

9. The linear and *-extension of a class 2TC of functions, f—The 
linear extension of the class 9K of functions on ^ to SI, denoted by 

aw*, 

is defined to be the class of all functions 

Hl s ^ a j/j. i, 

i=i 

where n is any positive integer. 

The ^-extension of the class 3TC, denoted by 

arc*, 

is by definition the class of functions 3TCi extended as to the class 
3)?. That is, 

aw*. s . (arc*)*. 

9a. Propositions. —In the following propositions 5TC denotes the 
classes 2TC*, 3TC* derived from 9W, and 2150? ■ [all aju]. 

(D5 arc* 0 *; ai^*. ' 

* See preface. 

15 2; I. G. A., §§ 10; 23. 

11. G. A., §§27; 43. The property L is a property exlenmnally attainable. In an 
excursus (I. G. A., §§ 28-42), Moore discusses such properties in the theory of classes in 
general. 

§(1) The class 9ft of functions belongs to the class 9i of functions and the class 91 
belongs to the class 9ft*. 

(2) For any class 9ft the linear extension of 9ft is linear. 

(3) If a class 9ft is linear the linear extension of 9ft is the same as 9ft and the ^-extension 
of 9ft is the same as the extension of 9ft as to itself. 

(4) If a class 9ft is linear and closed then the *-extension of 9ft is the same as 9ft. 

(5) If 9ft has the property D x then 91 has the property D x and is dominated by the- 
class 919ft of functions, and the class 9ft* is linear and has the property D\. 
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(2) 

2tt. = .2R £ z . 


(3) 

2R z .d. aR*-a».SR*- 

SR.. 

(4) 

m lc .=>.m* = an. 


(5) 

ar i .3.i 9V Cl - 


(6) 

sr®.3.sp.sr* w ®.sr** 

= 2R*. 


10. Composition of classes of elements.*— 

-From two classes 


V - W J, r - Ip"] 

of elements we derive the product class 


rr - w, v")\ - [pm 

i. e., the class $ = [p\ whose elements p = (p', p") are bipartite, the 
first part p' ranging over ip' and the second part p" ranging over ip". 
In practice the notation (p 1 , p") is replaced by p'p". 

The classes ip', ip" may be the same. We write 

W * [(Pi, P*)] = [pipi]. 

Thus p', p" are generic elements of the respective classes ip', ip" 
conceptually distinct, but not necessarily actually distinct, while pi, 
Pi are independent (conceptually distinct) generic elements of the 
class ip. 

10a. Remark, f—It should be noticed that the theory of functions 
and classes of functions on ip to 21 is applicable to functions and 
classes of functions on ip'ip", etc., to 21. The class $ in its generality 
includes classes ip'ip", etc. 

11. Reduction of classes of elements and of functions.t —A reduction 
R of a class ip of elements is the transformation of $ into a subclass 
iP* = \Pb] of ip. Any subclass iPi of ip defines a reduction R of ip, 
the transformation being the transformation of ip into iPi. A re¬ 
duction R transforms a function p on ip to 21 into a function p s on 

(6) If 9ft has the property D then 9? has the property D and 3R* has the properties 
LCD and the ^-extension of 9ft* is the same as 9ft*. 

For a more extensive body of propositions than the above see I. G. A., §§ 22a; 26; 44a. 
Proposition (6) above is of fundamental importance in the general theory. 

* I. G. A., $ 51. 

tl. G. A., § 51a. 

tI.G.A.,552. 
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y R to 21. Thus 

m s Wp*); a< 8 s V»|p®*)- 

We speak of the reduced class and the corresponding reduced 
function p B . 

In case a property P of functions is possessed by y. B the function 
M is said to possess the property P on the class $*, in notation: 
n m &\ Similarly in case a property P of classes of functions is 
possessed by a class = [m*], the class SOI * [jtt] is said to possess 
the property Sp on in notation: 5D?'' V# - R> . 

llo. Propositions .*—The following propositions are relative to a 
class SP, a reduction R applicable to SP, and classes SO? and @ of func¬ 
tions on SP to 31. 


(1) 

(SR*)* - (SR*)*. 

(4) 

hr £ .d.hr/. 

(2)t 

6 . ( B R mR . 

(5) 

SR* 1 , d. SR A 

(3) 

hr^.d.hr/. 

(6)J 

HR B .=>. SR/. 


12. Composition of classes of functions .^—From any two classes: 
SR' - [/]; HR" - [/'], 

of functions: 

m' = (Mp'Ip'); Up = (u'p"\p")> 

on the classes Sp'; SP" respectively to 21, arises by multiplication of 
constituent functions the product class: 

SR'SR" - [mV"], 

of functions: 

mV"-(/*;*& I P'P"), 

on the product class to 21. 

It is to be noticed that while the notion of composition of classes 
of functions is very different from that of composition of classes of 
elements, the same notations are used in each case. This need cause 
no confusion. 

We desire to call attention to the remark of §10o. The theory 
previously given relative to classes of functions HR on to 21 applies 
*I.G.A.,§52o. 

t The property belonging to is an example of a bipartite property of classes of functions 
invariant under a reduction of classes. I. G. A., § 52 b. 

t The properties A, L, D, D\ are examples of unipartite properties invariant under 
reduction. I. G. A., § 526. 

{I. G. A., §53. 
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equally well to classes of functions on to 31 and in particular 
to the composite class 3ft'9ft" on 33'35" to 31. 

12a. Propositions .*— 

(1) so?'*. sr* . d . ww) 0 '. mw)^'. twar)**. 

2r\gr i \=. w'wy. (wn** = (awo* = w'M* 

(2) = (an;®!")* = (aim;')*. 

(3) an'. ar. d . (an'an'o* = (anian^ = m'Mh = (<»«)*. 

13. Developments A of classes f —A development A of a class $ 

of elements is a sequence {A m } of systems A m of subclasses of each 
system A m consisting of a finite number, say l m , of subclasses of 35 • 
The system A m is stage m of the development A. The sequence jl m } 
of positive integers is the sequence of the development A. 

There is no question of order, but there may be repetitions amongst 
the l m subclasses of stage m, and it is to provide for this that we say 
system A" instead of class A m . 

There is introduced an index l m : 

l m — 1 , 2 , • • •, l m , 

of stage m, but the superscript m of the index l m is omitted, when in 
conjunction with the index m of the stage, it occurs in the bi-partite 
index ml. The l m subclasses of stage m are denoted respectively by 
the notations: 

r*, [p ml ] a = i,2, 

Then stage m of the development A is the system: 

A m = (ro, 

and the development A is the system: 

a s ((ro), 

of subclasses 35 mI of the class 35. 

A representative system: 

of a development A is a system of eletaients r ml of 35, the element r* 1 

* Cf. I. G. A., $ 54a. D and Di are examples of unipartite properties invariant under 
multiplication of classes. 

11. G. A., §75. 
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belonging to the class of the development A. The element r ml 
is said to represent the class and its elements p ml . It is under¬ 
stood however that only the existent classes have representative 
elements r m! . 

14. Various classes derived from a development A.*—For a de¬ 
velopment A the class $ m : 

= [p«] = uA" = 

is the class of all elements (in notation: p m ) developed in the stage m, 
the least common superclass of the classes of the stage to; and the 
class 

V - fal =U4 h U((?" ! )) - U (V), 

is the class of all elements (in notation: p A ) developed in the develop¬ 
ment A, the least common superclass of the classes of A. 

The class ip - **: 

$"*- for*] - % - <P m , 

is the class of all elements (in notation: p~ m ) not developed in stage m, 
and the class l >p m : 

% = u(<P _w, |to 0 ^ to), 

is the class of all elements each for some stage to 0 ^ to not developed, 
the least common superclass of the classes ^3 _Wo (too ^ to). 

As to an element p the indices l of existent classes of stage m are 
designated by the notations: 

g p ; h>, 

according as the class ty ml contains or does not contain the element p. 
Then the class 

= u(<p»» , |^), 

is the least common superclass of the classes of stage to which contain 
p, the class of all elements each of which is by stage to of the develop¬ 
ment directly connected with the element p, in that they belong to the 
same class of stage to. The class $ pm : 

?pm = U(<HTOo ^ TO), 

is the least common superclass of the classes ^^(too 2 to), the class 
of all elements each of which is by gome stage too ^ to of the develop¬ 
ment directly connected with the element p. 

•I.G.A., 570. 



PROPERTIES OP CLASSES OF FUNCTIONS 


17 


15. Some special developments .—The ordinary developments* of 
<P r al; ^h-sI, 2, • • •, n; $ in al, 2, •••,», ••■; $ IV m interval (01), 
respectively denoted by: 

A 1 ; A 11 *; A 111 ; A IV , 
may be indicated as follows: 

A i :s:Ajw.d.Z m = 1. < $ ml = 1; 

A 11 ": = :Atm.D. l m — n. = l (l); 

A 111 : sa: A» m . 3 . l m = m. = l (l); 

A IV : s ; A * m. 3 . i m = m + 1. for every l the class l $ mI is the interval 

(■—- where — — is taken as 0 and is taken as 1. 

\ m m) m m 

16. Properties of developments A derived from properties of stages 
A m .—Consider a property P of stages A M of a development A of a 
class *55, in particular one of the three properties: 

(1) P s V (vacuous); F (fine); C (complete), 
which are about to be defined. 

A stage A M of the development A of the class ’’J3 is said to be vacuous; 
fine; complete, respectively in case is null-class; no two elements 
of '$’* belong to the same class SP mi ; ' 

A property P of stages A m gives rise to certain derived properties 
of the development A. We consider three such derived properties, in 
notation: 

(2) P; Pi; Pt. 

(3) A p : =:Ajm.D. A" p , 

viz., the development A has the property P in case for every m the 
stage A m has the property P. 

(4) A Pi .=. A» (awiojm > rri 0 .3. A mP ), 

viz., the development A has the property Pi in case there exists an mo 
such that for every m > m 0 the stage A™ has the property P. In 
this case the development is said to possess the property P ultimately. 
*Cf. I. G. A., {§66o; 07o. 
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In the theory it is only the ultimate character of the development that 
is of importance. 

(5) *. A?(?n.D.3?rao > W9A"°0, 

viz., the development A has the property Pi in case for every m there 
exists an m 0 > m such that the stage A” 0 has the property P. 

Thus we have the properties,* 

V (vacuous), Vi (ultimately vacuous), Fj ;F (fine), Pi (ultimately fine), 
Ft; C (complete), Ci (ultimately complete), Ct, 

of developments A, derived from the properties (1) of stages A*. 
The developments A 1 , A 11 *, A 111 of §15 are fine developments while the 
development A IV of the same section is a. complete development. 

In various propositions and proofs of the sequel the negative of 
such properties P, Pi, P 2 enter. These are in notation: ~P, “Pi, ~P t 
and accordingly: 

(6) A~ p . ~. A 3 (3 m 3 A m ' p ), 

(7) A"* 1 . ~. A 9 (m. 3.3 ffi 0 > mi A m ' p ), 

(8) A ' p> .«. A »(3 wi 0 »m > m 0 . d . A”' p ). 

The properties ~P, ~P t , "P 2 must not be confused with the properties 
(~P), (~P)i, (-P), concerning which, according to the general defini¬ 
tions, we have: 

(9) A rfl .~. Aim . 3 . A n ' p , 

(10) A rA .~. A 9 (3M t 9»i > m 0 .3. A"' p ), 

(11) A rP)i '. A 9 (?n . 3 . 3 wi 0 > w 9 A”^). 



16a. Propositions .— 



(1) 

A p , d. A Pl . 

(4) 

A v .d.A™. 

(2) 

A A . d . A p '. 

(5) 

A n . 3. A rrCi . 

(3) 

A" p, .~. A rP)l . 

(6) 

< 

ri 

tr 

< 


17. Developmental systems t ®(2W) relative to a class 2JI of functions 
and a development A.—A developmental system J)(SW): 

(1) ®(S») - ((«"')), 

* The properties fine and complete of developments A are defined by Moore in I. G, A. t 
S 67 b. The property vacuous is likewise defined in I. G. A., § 75. 
tl.G. A.,578. 
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is ft system of functions 5 mI on *33 for which there exists a representative 
system 9l 4 = ((>*0) of the development A such that 

(lo) e :o:3m,»(mZ.m,.p) .3. A^i”*-!) . A(£A87-l)^e; 

9 9 

(16) ix . 3.3 no 3 (e : d : a m »(m ^ . p ). a. 

h 

Here the indices h, are understood to be g p , h p ; and the condi¬ 
tions (la), (16) are understood to apply only in so far as such indices 
are available, that is, for the various stages m the condition (la) 
applies only for those elements p which belong to at least one class of 
stage m, and the condition (16) applies only for those elements p 
which belong not to every existent class of stage m. The condition 
(la) is an absolute condition, and (16) is relative to the class 90?. 

The system 3)(90?) need not actually depend upon the class 30?. 
A system 3): 

(10 3> - ((8 m! )), 

satisfying (la) and 

(1'6) m .p ,h p . 3 . ip h ” = 0, 

is a system 3)(90?) as to every class SO?. Such are most of the de¬ 
velopmental systems given later in this paper.* 

We notice that in case the development A is vacuous at stage m 
then both (la) and (16) are holding vacuously for that stage, i. e., 
for no p is there an available index g p and there are no representative 
elements r mh . 

18.f The property A of classes 30? of systems (21; S3; A; S0?)4—A 
class SO? of a system (21; ^; A; SO?) is said to have the property A in 
case there exists a developmental system 3(90?) belonging to SO?. In 
symbols 

SOI*. s. SO?»(a 3) (SO?) j 3(90?)*°“). 

18a. Propositions. — 


(1) 

90l 4 .3. (2190?) 4 . 

(2) 

SO?*' 4 .3. SO?/ 1 *. 

(3)§ 

SO?* 14 .3. SO?** 14 

*§48. 



tI.G.A., 579. 

X We speak of a class a development A of a class 2ft of functions on $ to H, as a. 
system (91; A; 9ft). 

§ In I. G. A., § 79 (3) is given with D instead of D it but D% is all that is necessary. 
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19. Relations K between the elements of a class 23 with respect to a 
development A.—We define at once what we mean by the symbols* 

Rpm> KpiPim- 

K pm . se. (pm) * 3 w 0 ^ w 9 p~ m °; 

K PlP>n .3. (pip 2 w) 9 3 (w 0 ^ m . k ^ f m „)»• P? 1 * )• 

that is, 

K pm denotes an element p for some stage m 0 ^ w not developed; 
X PlPim denotes two elements p x p 2 (not necessarily distinct) belonging 
to the same class of some stage w 0 ^ w. 

Relative to classes 23'; 23 / '; etc., we denote relations above as 


&p'm) ^pi'ptfnj K-ptr m1 K p etC. 


In the ordinary development! of 23 UI the relation K pm is equivalent 
to the relation p > m and in the ordinary development of 23 IV the 
relation K PlP , m is equivalent to the relation A(p x — p 2 ) < 1/w. 

20. Properties J K x , K 2 , K X2 of classes 2ft of functions of systems 
(21; 2$; A; 2ft).—We define directly the properties KiM; K 2 2ft; K 12 >ffl 
of <p, where <p is a function and 2ft a class of functions on $ to 21. 
The definitions are relative to a development A of 23- 


(1) <p Kl *. m. <p 9 (3 p 9 e :d : 3w, 9 K pmi . d . A <p p ^ eAp p ), 


viz., the function <p has the property I£\2ft in case <p is such that there 
exists a function p of 2ft such that for every positive number e there 
exists a stage m„ of the development such that the relation 


implies 


K p m t 

A<pp ^ eAfi p . 


(2) <p K,v> .=. <p} (3M»e := :3w e 9if PlPim[ .D. A(<p Pl - ip Pt ) £eAp Pl ), 

viz., the function <p has the property K 2 3Jl in case <p is such that there 
exists a function p of 2ft such that for every positive number e there 
exists a stage m e of the development such that the relation 


X »-PlPjW*. 

* The relations here defined are the relations KK 2 of I. G. A., §77. In §69 and 
following of the work mentioned Moore discusses general K relations of which the relations 
K * are special instances. 
tCf. §15. 

X The properties here defined are the properties K$, K£ f Kf 2 of I. G. A., § 77, and 
are special cases of the more general K properties discussed by Moore. 
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implies 

(3) 


M'Pn ~ <Pp,) ^ eAn Pl . 


A class g = [<p] of functions is said to have the property KM 
( i = 1, 2,12) in case each function <p of g has the property KM- In 
symbols: 

(4j) m : %, v . d . (» = 1, 2,12). 

In case of a function <p' and a class 2d' of functions on to SI 
we use the notations: 

,Ki'W ,K t "SX' MW 

<p ; <p ; <p 

We give also the definitions of the properties KM'CWl "); KM'(M”) ", 
of a function <p on s to SI, where W, W are 
classes of functions on ! P", respectively, to St. The definitions are 
relative to a development A' of ( P'. 


(5) 3 (/,/')** ^--^K^.A^eA^d"), 

viz., the function <p has the property .KiSDt'fSN") in case <p is such that 
there exists a function /*' of 2J?' and a function p" of W' such that 
for every e there exists an m e such that the relation 


implies 


e., 


( 6 ) 

(7) 


K f 

A<p' p > ^ eAp'Jp" 

Aip' rV ' ^ eAn' p 'i/ p » (p"). 

<P 3 (a (p, n") i e :3:3m.} K' pMmt 

.3. A(<p Pi , - <p Pi ) ^ eA^n"). 


^ir 12 'W'(TO") s ^AYW'(TO'0As'St'(2Ji"> 


A class 3 = M of functions on < P , '’P" is said to have the property 
K'M'W)> d = 1) 2, 12), in case each function <p .of the class 5 
has the property iC^SDS^SDl")) in symbols: 

(8) <p^ w,) i = (1, 2, 12). 

A class 5Dt of functions on $ to SI is said to have the property 

K\) Kt ; Kn, 
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respectively 

in case each function p of 2W has the property 

In symbols: 

KM) K 2 SO?; KuW. 

(9) 

IIP it.zi.ii**; 

(10) 


(11) 



The properties K x ; K t ; K u are properties of special reference in 
that they refer to a development A of the class 

Relative to the ordinary developments* of $ n *; ^ IV , 
the classes SDl 1 ; 2U 11 *; SW HI ; SO? 1 " 0 ; W ll ‘; SD1 IV possess the properties 
Ki, K„ K n . 


<Dt 

A^.aR.a. 

(2) 


(3) 



In (1, 2, 3) the properties K x ; K 2 are said to hold vacuously, viz., 
in (1) there exists a stage m 0 such that for m exceeding m 0 there is 
no element p satisfying the relation K pm ) and in (2) there exists an 
w 0 such that for m exceeding m 0 no two elements pip 2 satisfy the re¬ 
lation K PlPfm . The property Vi is, by §16a6, a special case of F : . 

Similarly if <p is a function on and SOI' a class of functions 
on and 2W" a class of functions on we have the propositions: 

(10 A'\?.3K'.sr.3. 

(20 A 3. 

(30 A ' Fl . <p. ffl. “Dl" .3. 

21. Composition of developmentst A.— Consider two developments: 

A' -(«'■')); A« = ((r")), 

with corresponding sequences: 

{C}| IQ, 

*515. 

t Every class 3JI of functions has the property K%\ K% t with respect to an ulti¬ 
mately complete; ultimately fine; ultimately vacuous development A. 

*1. G. A., §83. 
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of the respective classes: 

r. 

By the composition* for every stage 991 of the l' m classes of stage m 
of A' with the C classes of stage m of A" we secure the 

l = Z' Z" 


classes of stage m of a development A, in notation: 


of the class: 


A'A" or A'", 


the composite development A'A" = A'" of the developments A', A". 
For notation it is convenient to use for index Z m or Z of stage m the 
double index l'H" n or I'l”. Then 


where 


A'A" - A'" - ((9T)) ^ (($"“''")) 

L - IX (»); r'''" - r”'" (ml'l”). 


Similarly, from two representative systems: 


r - ((/*'')); 91" . ((r""'")), 


of A', A" respectively we obtain a composite system : 


where 


»'9t" * sr' " s ((r* 1 ')) » ((r m '''")), 




= 1 


(mlT), 


in fact, a representative system of the composite development 
A'A" = A'", the composite representative system 91'91" « 91'" of the 
representative systems 91', 91". 

Similarly from two developmental systems: 

©' - $W) - ((a'” 1 ")); ®" - ®"(SR") - ((a"”"')), 

relative to (A', 2W'), (A", $91") respectively we obtain by multiplication 
a composite system : 

©'©" - ©'" - ((a-*)) - ((a*"")), 

where 

= g'^'a"” 11 " (mlT). 

In case 2)1' has the properties DiA'K't, and 2)1" the properties DiA"K'i 

* The compodte of two classes is non-existent if either component is non-existent. 
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the composite developmental system 5D '" is provably a developmental 
system as to (A'A", SDl'SH")- 

In the composite development we see that 

(p'p'T . ~ • P ,m • P"*) (p'p")~ n . ~. p '~T “ v”~ n - 

21a. Propositions .—Using the previous notation and the notations 
Kr, K", Ki (i = 1, 2, 12) for properties of classes of functions on 
respectively, we have the propositions: 


(U* 

w Dl ™ 


3 . WW')*'". 


(2)t 

2 ftW** 


n. 


m 

w™ 7sr w .3. 

orar)* 1 * . 


(4) 


9)1'3. 

WW')™ 


(5) 

A' r ‘.A" 

. 3 . A' " Vl 

(V f = V, 

Vi, F,). 

(6) 

A' f . A" f . d . A' " F . 



(7) 

A' F \ A" Fi . 3 . A' " F \ 



(8) 

A' C . A" 1 

? . 3 . A' 



(9) 

A ,<h . A" 0 ' .d. A' "° l . 




22. Reduction of developments A.—The reduction of a class of ele¬ 
ments with a development A leads to a reduced development A‘ s 
of We use the index m K and the bipartite index mJ, B relative to 
the development A*. These indices have the same range of values 
as the corresponding indices m and ml of the development A. Then 
the development A„ of is completely defined by: 

n($ s ,rO (mlm B l B ), 

Thus 

= n(%, r) (m B ). 

In case a reduced development A B possesses a property P, then the 
development A is said to possess the property P on ^ in notation :§ 

* I. G. A., $ 83, p. 147, as revised. 

tCf. 510.3. 

t h L A., { 72631, 3j similar propositions aregiven in a more general setting. 

{ Cf. {11a for similar notations as to properties of functions and classes of functions 
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Thus from § 16 we have the properties F(iPj,), Fi(ip,0, 
Fj(^s), F{ty R ), F i($ s ), F 2 (iP fl ), C(ty B ), Ci(ty R ), CiC$ R ) of develop¬ 
ments A where ip fi is any reduction of ip. It should be noted that 
any class iPi of ip is a reduction of ip. 

We note the following proposition relative to a class ip with a 
development A and a class ip* with a development A s : 

(i) ( 1 - 1 , 2 , 12 ). 

23. The 'properties* K lif , K lt) K nif of classes 9ft of functions of 
systems (21; ip; A; 9ft).—In the following definitions W, Sft" are classes 
of functions on ip" respectively, <p is a function on ip s ip'ip", 
and (9ft'9ft")* is the *-extension of the composite class (9ft'9ft")* 

(1) aft'*'* : =: 9ft's Wl" £cj> . 3. (9ft'9R")* = [all <P Avm • ; 

(2) 2K'^: gD?' ^ 9W /,iCZ> . o. * = [all 

(3) aft'* 8 '*. -. m' 3 m ,,Lcr> . 3. (sro'ar )* - p • *°®’w>] ; 


viz., 9ft' has the property K’ i1f , (i - 1,2, 12), in case 9ft' is such that 
for every 9ft" iCD the ^-extension of the class 9ft'9ft" is the same as the 
class of all functions tp having the property JT[9ft'(9ft") and belonging 
to 9ft" for every p\ 

23 a. Propositions f concerning relations and classes of functions on ip. 
The following propositions relative to the class ip with a general de¬ 
velopment A are for i = 1,2, 12. 


( 1 .) 

( 2 .) 

(30 

(30 

(40 

(50 

(60 

(70 


91^.3. (IR)**. (a*) 1 *. 

9ftf 9?* ia \ 3.9?*®’. 
gftf'*™’. . 3.9?*‘® ! . 

aft^. 9?***. 3.9?/*®. 
aft 2 ’. dl m . © if ‘® • ■ Si *- i . 3. gj *<« 

. «i9K = _ 9?/*® • B ' m . 9?^® • J >*®, 

9ft CJt ‘. 3.9ftt DJC *. . 9ft* 0 *. 


•a. I. G. A., 572. 

t Propositions 1-14; are given in I. G. A., § 72a as relative to K relations and properties 
more general than those derived from the development A. 
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a». h rn [all v**- B n :d : = 8$,: 

(8i) an*. a. g ( x : 9T. d . : an*. d . . &*. 

(9,) 3R D . =. (an*. ~. an**). (KM . ~. If ,an*). 

(10.) 

( 11 .) an**.3.an* = [an <p K n .an** w • ■'. an*.(s 0 ari* ~ if,an). 

(12 i) . D . 2)?**. 3 Jl f Ll > KiKi * • *i«*» t . J5i«an^ 

(is*) m D an*-. ~. an/-. ~. an***. 

(14,) a n LCK *. d . an**. (B 0 an. ~. if,an). 

(15)* an^iDi^'.D.^*. 


(16) t 

(17) t 

(18) S 


an ,Dl4< ar* ■ d ■ 3 . b<ww), 

9F a ** . = . gjjXu. _ = [ all ^»«] _ ^tauubMn 

an LCDlKiK> . z >. an** s *. an = [ail ***■]. 


24. Resum4 .—We have indicated the fundamental notions of the 
General Analysis of Moore in so far as they are essential for the 
present investigation. In particular we have defined the properties: 

L; C; D; A; A; If,; lf 2 ; If 12 *j Ifi*J K^] D„ 

of classes an of functions of systems (SC; ^3; A; 311). Of these 

L] C) D\ Aj D\ 

are of general reference! | and 

A, IfIfj, Ifi2#, If,*; If 2 * 

are of special reference,} being defined relative to a development A 
of the class 

In § 16 we have defined certain special types of developments A 
of which we will make frequent use. 

•L G.A..J80I. 
tl. G. A., J 8011. 
t1. G. A., § 8111. 

§ I. G. A., § 81III. 

|| See preface. 
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Propositions and theorems relative to systems (81; 93; A; 2ft) where $ is 
unconditioned except by the development A. Theorems relative 
to the closure of certain genera of systems (81; 93; A; 2ft). 

§§ 25-40. 

25. The following propositions are relative to a general class ip 
and to classes. 2 ft and 91 of functions on 93 to St: 

( 1 )* 

(2)* ; M 

viz., if SDt is dominated by 8191 and 91 by 819ft then the statement that 
2 ft has the property Di; D, is equivalent to the statement that 9t 
has the property Di\ D, respectively. 

In addition we have the following proposition relative to any de¬ 
velopment A of the class 93: 

(3) 

26. We have the following simple propositions relative to a class 
93 with a development A: 

(1) ^constant f$) ^ ^ qK % <t . 

( 2 ) SD?***. d . [all 0 c,,,,Htaut ^j^#. 

(3) 2ft = [0]f.3.2ft‘ A ' ! \ 

In case the development of 93 r is such that there exists a pair of 
elements p{ p 2 such that for every stage m there exists a stage m 0 2. m 
such that the elements p[, p 2 are directly connected at stage m 0l i. e., 


A' » (3 (pi, p'f) j m. 3 . 3 (to 0 > m . l 0 ^ L 0 ) » (p'r o '°. Pi"' 0 ''')) 


then 

(4) 


/ . . t f 

a : d : m . d . ^ ^ 


(5) c'a" : 3 : 3 . <p Pi y>= <f> Pt 'p» (p")- 

In case the elements p[, p 2 are each ultimately developed, i. e., 
3 Wo 9 m > m 0 . 3 . pi*. p' 2 m 
we have the proposition: 

(6) 2W'»p'. 3. : 3: 2ft ; ***. 

*ai. G. A., §22a2, 2'. 

f [0] ■ class consisting of a single function whose e/ery functional value is 0. 
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(2) follows from §23oll< and (1). (3) follows from (2) and the con¬ 
sideration of the class (9K , 9)? , 0* in case 9W' = [0]. (6) follows from 
§23all< and the following proposition: 

(7) Win' .d. Mp/ = : 3 : e ,m '\ d. e Pi > = 6 p n 

This last proposition gives rise to a more general one: 

(8) ST •(*•'. 3. /v - M*) • 3K" :a: .3. 6 P , P „ = 6 P , P „ (p'% 

27. Propositions .— 


(1) 

A*=>:9r*.~.ar“. 

(2) 

£ 

Si 

i 

£ 

m 

n 

s' 

< 

(3) 

A F ':D:.2R jr '.~.2n Ku . 

(4) 

> 

u 

II 

o 

(5) 

A r *.a»:3:aB iC “.«.aR lc> “.»».aR = 

(6) 

A ,Fl : 3 : <fi K ~ 

(7) 

A ,Ci : 3 : . co. 

(8) 

A ,Vi :d\ . co. 

(9) 

A* :**•**>.o. (p' 

(10) 

A F, :z>: ~. 9W K,: \ 

(ID 

A® 1 :=>: 2K jr ’*. co. SD7^ 1S '. 

(12) . 

A r ‘:3:2K ,Cl ‘.~.9K/ Cl “. 

(13) 

A.2T = [0]. 3 . A r >. 


In (1. . . 5), (10. . . 13) 2)1 is a class of functions on fy with 
a development A conditioned as indicated. In (6. . . 9) <p is a func¬ 
tion on ip = SOt' and 90?" are classes of functions on re¬ 

spectively, and A' is a development of conditioned as indicated. 
(1, 2, 8) follow from propositions (1, 2, 3) of §20o, and (6, 7, 8) 
follow in a like manner from (1', 2', 3') of the same section. (5) fol¬ 
lows from (4) and from §23all<. (10, 11, 12) follow from (6, 7, 8) 
and the definitions of the properties K' lt K' w K' m . Thus the proof of 
(10) is as follows: 
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Consider classes: 

= [all 
3 i 2 ■ [all 

which occur in the definitions of K' xif -, K uif respectively. By (6) 

A ' Fl : a : 

gi = g„ and 2ft' AV *. ~ . 2ft'* 5 '*- 

28. A relation between the properties A,*, A,*, X 12 *.—If a class 
SO?' of a system (31; ip'; A'; 5D 1 ?') has the properties XX 2 * then the 
classes* gi and g 2 defined relative to an arbitrary class 2ft" ira> , oc¬ 
curring in the definitionsf of A”* K' lit) are each the same as the class 
(SOI")*. Since 

5l2 =n (5lS2)> 

we have 

Su = h = g 2 = (2R'2ft")*- 

Theorem.—If a class 2ft of functions of a system (21; iP; A; 2ft) has 
the properties A,*, X 2 * then it has the property X l2+ . Jn symbols: 

W uK: '. o. 2ft Xl ”. 


29. Propositions. —The following propositions} are relative to a 
class ip, a development A of ip and classes 2ft = [p], 5ft = [p], @ = [<r] 
of functions on ip to 2t. 


( 1 ) 

( 2 ) 

(3) 


2ft DlXl . 5ft K, '“. ©***. 3 .5ft s x, “. 

. Bim ^ . fl2li2K 

2ft D,Kl . 3.2fti D,Xl “. . 2R* DlXlTO . 


The proof of (1) is straightforward. (2) and (3) then follow in 
•order by the use of (1) and (2) respectively, and by proposition (5) 
of § 9a. We restate (3) as 

Theorem I. If a class 2ft of functions of a system (21; iP; A; 2ft) 
has the dominance property Di and the property X x then the linear ex¬ 
tension of 2ft, the extension of 2ft as to itself and the *-extension of 2ft each 
have the dominance property D\ and the property § K\. 

* & ■ [all floSi'W] (i = i, 2, 12). 

t§23. 

t Propositions 1, 2, 3, are to be compared with propositions 5, 6, 7, of § 23a. 

§Cf. §23a2!. 
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The following propositions are relative to a class 9JJ' with a develop¬ 
ment A', a class ®", classes 91 s [p], @ s [tr] of functions on ® 
and classes 90?', 99?" of functions on ®', ®" respectively. 


®?' D,Xl '. 99?" d ‘ . d . WW ) l D ' K ' ,m . (®?'®?") (WWO c ‘ K,w> . 


( 6 ) 


(99?'®?")* Dl * 1 '“' ( “'°. 


(4, 5, 6) are generalizations in the sense of relativity of (1, 2, 3) 
and the proof follows the same lines. We state (6) as 

Theorem II. If a class 99?' of functions on ®' has the property D x 
and the property K[ relative to a development A', and if any second 
class 99?" of functions on 9?" has the property D \; then the linear extension 
of the composite class 99?'99?", the extension of 9D?'99?" as to itself, and the 
•-extension of 99?'®?" have the properties. D u XI90?'(99?"). 

The following propositions are generalizations in the sense of rela¬ 
tivity of propositions (5 2 , 6 2 , 7 2 ) of § 23a. 


(7) 


99?' D . W D . < = 


(8) SD? //D ^VW'(®?").Bjh®?'®?" 3 yfcjWnxw.Biiivm" gj jci'«'(«"). B x *ww f 


(9) 


®?' w .99 ?" d . a. (99?'99?")i D **'“' ( “'°. . 


(99?'99l'')* w “' ( “''l 


Theorem III. If a class 99?' of functions on ®' has the property D 
and the property K' t relative to a development A' and if any second class 
99?" of functions on ®" has the property D, then the classes (99?'99Z")^ 
(99?'99?")®»j)!</, (99?'®?")* each possess the properties D, ^99?'(99?"). 

30. Propositions .—Relative to a class ®' with development A' 
and a class ®?' of functions on ®', we have the propositions: 


(1) ®l' 9 (®?' ,m> . a. (99?'®?")***'“''”'°) : 3 : ®?'*>'*. 3.99?'*'*'*, 

viz., if 99?' is such that for every ®?" iCD (it is true that) (99?'®?")* 
has the property Kj9D?'(99?") then if 99?' has the property K' lt it also 
has the property -KJ,*. 

(2) ®?'»(99?" £CD . 3. (99?'®?")** I '“ T “'°): 3 : 99?'*’'*. 3.99?'*"''. 

(3) ®?' KlW * .3. ®?'» (W LCD . 3 . (®?'99?")***'“'<“'°), 
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viz., if 2ft' has the properties K j*, K' uif then 2ft' is such that for any 
2 ft" £< ® it is so that ( 2 ft' 2 ft")* has the property Xj 2 ft'( 2 ft"). 

(4) sjft'X«w.. 3 . gj}', (jjji ,,lCD . 3 . (2ft'2ft")* Jtl '®' ( ®" ) ). 

(5) 2ft'* 1 *. d . 2ft'»(2ft" 1 ®. a. (2ft'2ft")* x, '® w " ; : ~: 2ft' K “'*). 

(6) 2ft'*’'*. 3.2ft' * (2ft" £ ®. 3. (2ft'2ft")„ Xl '®' < ®'' ) : ~: 2ft'* 1, ' , ). 

(7) sjjj/W*.'. _ = _ 

(8) 2ft ,fl * 1 '* 1 '*. 3 .2ft ,Kl8 '. 

(1, 2, 3, 4) follow from direct consideration of the definitions of the 
properties K[^, K' 2 +, K' nif and the classes of functions involved in these 
definitions. (5) and (6) follow from (1, 3) and (2, 4) respectively. 

(7) follows from (2) and proposition (6) of § 29. (8) follows from 
(1) and proposition (9) of § 29. We state (5, 6) and (7, 8) respec¬ 
tively as the following theorems: 

Theorem I. If a class 2ft' of functions on 21' has the property 
relative to a development A', then the statement that (2ft'2ft")* (2ft" an 
arbitrary class of functions on 21" possessing the properties LCD) has 
the property is equivalent to the statement that 2ft' has the property 

K 12 *• 

Theorem II. If a class 2ft of functions on 21 has the property 
and the properties relative to a development A, then the class 2ft has 
the property K n +. 

31. It is not difficult to see that whatever the class 21 and its de¬ 
velopment A there exists a developmental system 25 = ((5 m! )) such 
that conditions la and l'b of § 17 are holding. Furthermore, it is 
clear that the class 25 is bounded by the class of constants. These 
considerations give rise to the following propositions relative to a 
class 21 and a development A: 

(1) 2ft»[all . d . 2 ft a , 

viz., if 2ft is such that all functions y, which are dominated by the class 
of constants on 21, belong to 2ft then 2ft has the property A. 

The following propositions then follow in order: 

(2) 21.2ft = [all m* 1 *] = [all y m ]. =. [all • 2R a . 

(3 2R* 1 **-. 3. [all • an**. 

(4) 23. [all • 2ft a . 
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(2) follows from §26.1; §23o3i; §31.1. (3) follows from §23oll,; § 31.2. 
(4) is a corollary of (3). We state (3) as 

Theorem I. If a class 9ft of functions on 93 has the properties if,#, 
K 2t relative to the development A then the extension of 9ft contains the 
class of constants and possesses the property A. 

32. Propositions. —The following proposition relative to two func¬ 
tions p, cr on $ with development A is fundamental and is to be 
compared with the proposition, “ every function continuous on a 
closed interval is bounded,” in the ordinary theory of continuous 
functions. 

(1) A 01 . p Kl ". D . p Bm \ 

viz., if the development A has the property C 2 and p has the property 
K 2 <t then p is dominated by the class of constants on 93- 
Proof.— 

p K, \ * . p j (e :3 : 3 m e 3K VlV%m , .z>.A(p Pl - p Pt ) $ eA<r n ). 

For e — 1 we have 

P-PiPimi • 3 . Ap pi ii Aa n A . 

Since A has the property C 2 , there exists a stage m 0 ^ mi, of the de¬ 
velopment which is complete. Also there exists a finite number of 
elements pi such that each element p 2 is directly connected* with 
some one of the elements pi at the stage m 0 . Therefore there exists 
a function constant as to 93 which dominates p. Proposition (2) 
follows at once. 

(2) A*. Stt*. 3.9ft Bl!W . 

In the following proposition relative to a class 93, with a develop¬ 
ment A conditioned as indicated, the system £)(9ft) *s ((t> ml )) is under¬ 
stood to be the system whose existence is implied by the fact that 
9ft has the property A. 

(3) A ft . £)(9ft). 9ft Afll4(W .: a :. m 0 . e : o : 3 m, > wi 0 » p . 3. £ A6®** £ e. 

h 

Proof.—By condition (16) of § 17 on the developmental system and 
9ft* 1 * we have 

p . e : 3m„»(m ^ m M< . p) . d . £ ^ e. 

Recognizing that this holds in particular if p is any one of the func- 

* Cf. § 14. 
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tions of the system (( 6 mt )) we have, denoting by n an arbitrary stage 
and by ns the corresponding bipartite index, 

n . e :a : 3 m w » (to 2: m w . p) . z> . £ ]£ A5"i» 8”*^ e; 
n.e/2 :d :3m ne , 2 3 (m ^ m ne/2 . p) .=>.£A5“» ^ e/2. 

A < 

By condition la, § 17, attd the hypothesis A^, there exists a stage n 0 
which is complete and such that 

p.3. £A8™ £ 1/2. 

0 

Use this n 0 as n in above and then any m exceeding both m H , and mo 
such that is effective* as the m„ desired in the theorem. 

3 . uniformly bounded from 0 | 

Proof.—By condition la, § 17, on developmental systems 
e :d : a ml 9 (m ^ m' e . p) . 3 . A(£ 8 ” s — 1 ) ^ e. 

By (3) 

e . m' : z> : 3 mi > m e 9 p . d . £ A5“ l * ^ e. 

A 

For the stage Wi we have 

1 - 2e ^ £8?‘ ! <; 1 + 2e. 

I 

Take e = 1/4 and the function £ 8 ” 1 ' is the function desired. 

I 

Proposition (5) relative to a general class is readily proved. 

3 ^ • uniformly bounded from 0 ^ gjfjD 


Through (1 ... 5) we are able to prove the following funda¬ 
mental propositions relative to a class $ with a development A con¬ 
ditioned as indicated. 


( 6 ) 



(7) 

a q 

' D ' yfl DK U* t gft^CDAAKuK lU . 

( 8 ) 


A C| . ^l LC1KlKi , 3 . 

(9) 



■(105 


A«i _ _ = _ ^CJT^faX^ 


* The necessity of choosing a non-vacuous stage should be noticed. In case a stage is 
vacuous any f un ctions at all are effective as the developmental functions of that stage. 

f ^uniformly bounded from 0. m # ^ 9 (3 e , j > e (p)). 
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(6) follows from (1, 2, 3, 4, 5). (7) follows from (6) and from 
§ 23ol7. (8) is a corollary of (7). (9) follows from (7) and § 16o2; 
§ 20ol; § 27.11. (10) is a corollary of (9). We state (7) as the follow¬ 
ing theorem: 

Theorem I. If a class 9ft of functions on 93, with a development A 
having the property C 2 , has the properties : 

L ; A; Ki\ Ki, 

then the class 9ft has also the properties'. 

and the class 9ft* has the properties'. 

L- C; D\ A; A; Kj K t \ K m] 5,219ft. 


Here under the condition that the development A has the property 
Ci we secure the properties D; K m as a result of the properties L; 
A; Ki\ Ki. This is to be compared with Theorem II of § 82 of The 
Introduction to General Analysis* where it is shown that for a general 
development A the property K m is implied by the properties D; A; 
Ki;Ki. It will be seen that the theorem which we give is applicable 
in many important cases. The ordinary development of the linear 
interval (01), for instance, has the property C and therefore the prop¬ 
erties Ci and Ci. 

33. Relative to classes 93'; 93" with developments A'; A" and the 
composite class 93 = 93'93" with the composite development A '" we 
have the following proposition: 

(9ft , 9ft ,/ ) i f‘ CDAX ' **»«*'*" 

This follows from § 32.6; § 12o2; § 21al, 2, 3,4; and § 23ol7. 

The following proposition is a corollary of (1) through § 16o2 
and §20ol; §27.11. 


A'°. A' ,Ci . . d . (gft'g)^ 


. (2ft'2ft") * LCDAA ' • awwk*. 


By (2) and § 21a9 we have the following theorem: 

*Cf.{23«17. 

t*21. 
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Theorem I. In the case of two systems'. 

(«; A'*; 2W' 7 ’'); (SI; 23"; A"*; ST 7 "), 

where 

P' * LA'K' } ', P" m LA"K'f, 
the composite systems: 

(SI; 23; A'"; 2ft'2ft"); (81; 23; A'"; (2ft'2ft")*), 
are such that 

A" ,Ci . (2ft , 2ft , ') D ' i ” ,/f ' I * 1> *. (50J'2J}") t LCDAy ” K » K '* ■ 

From Theorem I and § 32.9 we secure the following theorem: 
Theorem II. The genus of all systems: 

(SI; 23; A*; ST), 

where 

is closed under the operations A, C: 

A: extension of classes 2ft; 

C: simultaneous composition of classes 23 and developments A and 
*-composition of classes 2ft; 
and combinations of these operations. 

The subgenus of all systems obtained by the operations A, C and their 
combinations is the genus of all systems: 

(SI; 25; A*; 2ft'»), 

where 

P 0 m LC(DA)A{K l )K t (K^K lvlf ). 

This genus is closed under the operations A, C and their combinations. 
To this genus belong the systems: 

(SI; 25 1 ; a 1 ; 2ft 1 ); (H; 23 I,n ; A IIn ; 2ft IIn ); (SI; 23 IV ; A IV ; 2ft IV ). 

Here the properties occurring in parentheses are implied by the 
other properties of the composite property in which they occur in 
view of A Q and § 32.6, 9, 10; § 27.11; § 20al. 

34. Propositions. — 

(1) 25 • Pi • A’’’ 0 ’ 0 • m* 1 '- = • Mj>, = 0, 

viz., if the development A of 23 has the property* V 2 as to pi a particular 
* Ato) .m.A9 (m. D . 3mo> mip”**). Cf. §22. 
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element of $ and if any function n on $ has the property Ki<r where <r 
is any second function on $ then ji» Pi = 0. 

We define a reduced class 35* of 35, 

where © is a subclass of 35 and 

a*®. 3. A m . 

Relative to this situation we have the following propositions: 

(2) 3JI* 1 . n . s .3. n, = 0; 

SR*: 3 : 9T. ~. 3V • 9K C . ~. 101/. 3N D . ~. 3K/. SR*. 

(3) 

(4) * a«^.3.A W) . 

Consider also a development A B of 95*, defined as in § 22. We 
have the following propositions as to properties A; K x ' t K 2 ; K^.; K 2if \ 
K m of 3)? relative to A and the same properties of 3)?* relative to A*. 

(5) 

(6) 3J? Kl : d : 3J! A . ~. 3)?* A . 

(7) t 9}?^. 3 @. 3 . w K ». 

(8) m K ‘ A : 3 : 3H* S . ~. . $n*“. «. . 9ft x “*. ~. 3W/“*. 


Propositions (9) and (10) are relative to a class 35 = $ + ©• 


m 

< 10 ) 

(11)8 


_ gjjtAA',Ki . ^ . y)l DKlu . LCDAtKaFa,. Bim. 
_ ^LCSKiK, ' _J _ IjjfoDKmA 

A^.m^.3 . u|r s ) 


35. Through the propositions §23al6; §29.6; §27.10; §20o2'; 
§20a2; §29.5; § 18o2, 3; §291; § 9a5 we are led to the following 
propositions: 


( 1 ) 


35'. A ,fl . W DiyKl . 35". W LCDi . 3. (SW')* = [all 


= [all ^ Jc u'«'(j»").«oW' , o>')j i 

(2) A '* 2jj/DiA'JCx' yj^/DiA'Ku'KStKu'* gjj f LDiKK\i'K\\Ku f * 


* aW) ,m. A 9 (3 mo» m > mo. D . 0“**). Cf. § 22. 

t That is, in case the class <3 is really an existent class, the class 3R cannot have the 
property K u . 
tCf. §32.7. 

§Cf. §32.1. 
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Theorem I. If a class 9 ft' of functions of a system (51;*$'; A'* 1 ; 9ft') 
has the properties Di, A', K[ then 

93". 9ft " £CDl . d . (9ft'9ft")* = [all 

(a) 

= [all l p Ki ' w ' ,m " > ■ "c. 

( b ) 9ft' has the properties K[, if[*, K[»; 

(c) 9fti, and 9ft* each has the properties L, D h A', if' 12 , if|*, if [ 2 *. 

Theorem la furnishes, under special hypotheses, a functional 
characterization of (9ft'9ft")* where 2ft" is subject to conditions less 
exacting than the LCD used in the definitions of if[*, if'*, if', 2 *.* 

In proposition (2) under the hypothesis A*’ 1 we secure if,*, if, 2 * 
as a result of Di, A, ifi. This is to be compared with Theorem II 
of § 82 of the Introduction to General Analysis.! 

Theorem II. In the case of two systems : 

(3t; 93'; A'*; 9ft'"); (21; 93"; A"*; 9R""'), 

where 

P'm DyA'K'i, P" = DiA"K'i, 
the composite systems: 

(21; 93; A'"; 9ft'9ft"); (21; 93; A'"; (9H'9W")J; (21; 93; A'"; (2R'9ft")*) 
are such that 

A' " r \ (9ft'9ft") Cl,i '" K " K, ‘ Kn -. (9ft'9ft") Xi D,A '" KuK! ‘ Ktt '. (9ft'9ft ") if Uhy 

This theorem follows from Theorem I and § 21al, 3, 7; §20a2. 
Theorem III. The genus of all systems: 

(21; 93; A*; 2T) 

where 

P = DAKffiKMn), 
is closed under the five operations A, B, C 0 , C u C' 2 : 

A: linear extension of classes 9ft; 

B : *-extension of classes 902; 

C: simultaneous composition of classes 93 and developments A and 
C 0 : multiplication of classes 9ft; 

Ci’. linear composition of classes 9ft; 

C 2 : ^composition of classes 9ft, 
and the combinations of these operations. 

•a. I. G. A., 56HII; §67. 
t S 23al7. 
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The subgenus of all systems obtained by operations A, B, C i, C* and 
their combinations is the genus: 

(31; *; A*; 2T>), 

where 

P 0 m LDARffiK^K^). 

This genus is closed under the operations A, B, C 1 , C 2 and their combina¬ 
tions. To this genus belong the systems: 

I; II»; III; III,; III 0 , 

in each case the development of the system being the ordinary development 
of the corresponding class ip. 

Here the properties in parenthesis are implied by the other con¬ 
stituent properties of the respective composite properties in view of 
the hypothesis A F ' and propositions § 27.10; § 20o2. 

36. The theorem of this section is to be compared with Theorem 
III, § 82, of the Introduction to General Analysis.* It follows readily 
from § 23al5, 1 12 . 

Theorem I. From 

A; 

it follows that 

= [all ?*“*]. (BM ~ K n 301). 

37. Notation and definition. —A function n on ^ with development 
A is said to be ultimately zero as to the development, in notation: 

. ult 0(A) 

r 1 

in case there exists a stage m of the development such that if p is 
undeveloped for any stage m^'tm then y p = 0. That is, 

n u ' tow .s. n} (3 m3K pm ,d. p p = 0 ). 

It is to be noticed that in case of ip 111 with ordinary development this 
definition of ultimately zero coincides with the ordinary notion of 
ultimately zero. 

38. Propositions .— 

<P. A. . =. [all 

A.2« lcJCl *.D.[allM u ’ t0(4) ] Bo,R . 


( 1 ) 

( 2 ) 

(3) 
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(2) follows from (1) and § 23olli. (3) is a corollary of (2). 

(4) D . A. 9^*',[all m u “ m ] B ° m .3.2T. 

Proof.—Under the hypotheses on SSK we have 

(a) y .:d :. 3mo 9 e :3 : 3 m, ? K^ ,z>. Ay £ eAy 0 , 

(^) M • ^ .3.3 y>nm i 9 (l^pm * 3 * y U. nip 0) • ( Kpm • 3 • Mpnp ^Mp)j 

(c) = (^J; Mo), 

m 

(d) m**. 3 . Ay B<>m . 

(5) $. a Fi . sr"®* 9 [ail m u " • = • arc^ 1 ** 12 *. 

(6) 13 . A*\ : ST. ~. 2T 1 . ~. «. m Kl >‘. ~. [all «*>]**. 

(5) follows from (4) and § 7.2; § 3516; § 27.10. (6) follows from 
(2, 3, 4, 5); § 7.2; § 3516; § 27.10; § 361; § 20a2. 

^.A^.^ A . Pl ,A^>.3.3^r*»U = l (P=Pi).U 

(7) 

= 0 (p * Pi). 

Proof.—Considering the conditions (la), (16) of § 17 on the de¬ 
velopmental system it is not difficult under the conditions of this 
theorem to show that there exists a sequence {u m \ of functions of 
satisfying the following conditions: 

(a) e :o : 3m, 9 m k m e .3. A(y mp , — 1) £ e, 

( 6 ) #1.:3 :. 3 mo 9 e :3 :3 m e 9 (m^m e . p 4 = p 0 . 3 . Ay fl y mp ^ eA/v 

It is not difficult to see that y may be taken such that y PI = 1, and 
that there is available a scale function y 0 such that y 0pi = 1.* 

(c) L Mm = (13; mo). 

m 

(8) D . A*. aW 1 ® . =. [a'l M “ u °w] fl o». 

From (6) and (8) we get 
Theorem I. From 

13; A*' 1 ; ffl LCAK ‘ 

it follows that 

^ult Wi;-jSr/SI_ 

* This readily follows on account of unless no Pl « 0. In this case a mo» such that 
Mopj + 0, available as scale function in (6), may be secured by adding to mo a proper function 
from tHe sequence {/imK 
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We notice that A* -1 implies the existence of a stage mo such that 
for any succeeding stage m the class contains only a finite number of 
elements and the class u[^”|m > m 0 ] is denumberable. Recalling 
§ 34 we see that propositions 4,5,6, of the present section and Theorem 
I are to be applied especially to l JJ UI . 

39. Notations and definitions .—In § 14 are given the definitions 
of the classes $'* $ _m , etc. In this section we define other sub¬ 
classes of the class specify notations, and define certain properties 
of functions and classes of functions. These definitions and notations 
are to be used in the immediate sequel. The first two definitions are 
relative to a class the others relative to a class $ with a develop- 


ment A. 


(l)* 

2 ft*.=. 2 ft» (aO».e)»p.3.iiMp ^ e). 

( 2 )t 

n Bt . s. ft i (3 e 3 p. 3 . An P ^ e). 

(3) t 

^3 

in 

? 

ill 

^3 

l 

ts 

3 

(4) 

K Pm . = . (p, m) i p m ~. 

(5) 

Kp m . = . (p, m) 9 p**-. 

(6)5 

. =. (p, mi, m 2 ) 9 (3 pi 9 K Pimj , K PPimv 

(7) 

• — • [all V * . 


ip m , $-», may be considered as reductions|| of We speak 

of the corresponding reduced developments If Ai„, AA*^ and of 
the reduced functions** mr.„> Mr.,*, and classes** of reduced func¬ 
tions 2ft*., 2ft 

2ft*. - . 2ft»(3 m j m . s . 

. = . 2ft 9^3/49 (m . 3.3 Cm 9 Npm * 3 . fXp ^ C m ) J• 

* is said to have the property B% in case 3W is such that there exists a function p 
of aW, uniformly bounded from 0. 

t (2) is a special case of (1) where the class 3W consists of a single function /*. 
t The class is the class of all elements each developed at every stage m 0 S m. 

§ p, mi, mt are in the relation K pmitni in case there exists an element pi developed at 
every stage mo ^ mi, such that p is directly connected with pi at some stage 

m 7 Swij, (K 9Py m^, 

11511. 

1522. 

**5n. 

tt 3W has the property B% in case there exists a function n of 3W such that for every m,/i 
is uniformly bounded from 0 on 
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39 a. Propositions .— 

my > m : =>: . $_„**-> .K^.z*. K pmi . 

* A.2T* : 3 :(3m a 3W“(^.p.D.M P = 0). 

A . m . d . A w -" ) . 

if A.aw^.m.s. 

wi b ’.d. m L a >. 

t an'*. ar ft ". d . m'W)** ■ ww)^. ww')** 

§ A . 9W L * lK ' Bs . m. d . ■ *»* • B . 

Wi. m 3 > w 2 :=>: . K pBima . a. 


i^pm z m\ • 3 • K-j.mymi* 


my. m 2 . n m> "^ . ra 3 > m 2 .3. 

^ . A. SDP'**® 3 :3 :7«i. d . 3 (/*i. wj)» 


Proof- 


(а) ix K,,m .=.113(3note :3 :3m e 3K pm , lti . z>. A(n Pl -n Pt ) ^eAn 0p ?). 
By (4) and § 39.8 and SO? 1, there are available a n and a mo such that 

(б) K pmi . 3. n P ^ 1. /i 0p ^ 1 ; 

(c) K pmi . Kpf . d . i/ip ~ ^ • 

/i and Wj are available as the ^ and m[ whose existence is affirmed 
in (10). 

(11) i|5. A. spew's .-.oi.niy :3 :3m 2 9 m k m 2 . 3 . 

Proof.— 

(а) ju* 1 ®. s. ju 9 ( 3 /io j e :3 :3 m, 3 K pm> >. 3. An„ ^ e-Aju 0j >)- 
By (10), (4) and SOI 15 * there are available ju, ju 0 and m 3 such that 

(б) Kpm im, • ^ ► AjX p ^ 1, 


K pMl .o. Anop ^ 1 . 

* That is, either there exists a stage m such that 5L m is an existent class or 2Jl*i consists 
of a single function and that the 0 function, 
t 5 34.11. 

j B’s\ Bj ; Bi are relative to A'; A"; $ » A m A'" respectively. Cf. 

§ 21a. 

5 By § lla4, §22.1, §32.5. The Ki, Ki in the conclusion are of course relative to A/?_ w . 
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(c) 


• &pm^ ^ • -^-MOp £= 2 . 


(d) 

(Bfiate :o: 3 m'J 3 K plPi »,».D. 




•4(Mop, - Mop,) ^ cAmjp,). 

By (4) 

there is 

available a M 3 such that 


(«) 


^pmi * ^ • M3p = 1 * 


(/) 


Kp\m\ • ^pipmi"* ^ • -^-MOp = 2 * 




pm\m • 3 . ^MOp ~ §■* 


(.9) 

m 2 

^ 7M|ji • Kp mim7 . Kpn ij • D . AfXop ^ 2 




^■pmiini • ^ • ^-MOp ^ 


(h) 


m 2 ^ m 3 , m*, w*'. K pmim2 . d . ~K pmv 


H) 




( 12 ) 

r. A'. 

y^,LDiKrfBS * . gjjr/S . D . 0 *q('W' 1 U") # # D # 


Proof.*— 



(«)t 

Wl ,DlKl : d : . 3 . QKi'®nw') t 


(b) 

qKi'W'W') 

. *. 6 ? (3 mi Mi'» « : 3 : 3 m'? . 3 . 




Ad v y, £ eAMlp'Mip" 

(p")) 

(c) 

(m! n\ n” 3 ( 3 Hi n'i i s : d : 3 mi ? K ptWm ,,. = 

). 



A(ji' w ii\r - Mwv) (p"))- 




W,' * • ^Mip*' Mip" ~ ^■Mipi / Mip" M2 j>" 

<p") 

m 

3 Mo Mo' 

9 (c . D . 3 Wl e 9 • Kpt'm, • Kpi'pt'm, • ^ • 




A6 px yf + ABtfprr ^ 6i4/Xop!' Mop" 

(p"» 

w§ 

2K' W 

. $D?' ,Z? : d : ^ D 4 


COB 

m 0 . < 

^ JVWbJW' 



* In case the development A' of is such that for every m the class $L m is the null 
class, (12) is at once seen to hold in view of (2). 
t 5 2911. 

t By (6), (c) and SR'*. 

§1. G. A., § 73.1a, 5*. 

II By (7) and (12e). is relative to A*^. 
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((/) WI. D . 3 9 . 3 .3 TO« m 9 Kp^ m * A/j'tfi • ^ * 

^PsV') ~ Mny>'' (P ))• 

Since 2tt" has the property D there exists a single function /i" available 
as Ho' in (d) and as ft" in each of the denumerable infinitude of in¬ 
stances in ( g). Also on account of § 39a4 and 9tt ,zw there exists a 
single function n' available as n' 0 in (d) and as n n r in each of the 
instances in ( g ). 

(h) 3 mV'» 

(Jl ) 6.3*3 TO, 9 Kpi'm/ • A ji.’m/ • • 3 . 

A + Adpjp" fS eAup^Hp" (p "); 
(/i. ) Wl .6.3. 3 TO, m 9 Kp^jn . Kp^jn . ^pi’pi'm m • —^ * 

A (d nV . - 0 J)jV ») <; eAurtUp" (p"). 


(i)* 

to 

v* : => : 

3 m'/ 

> m' 9 

m ^ to'/ .: 

3 

W-m 

• 


U) 

rri : 3 ; 

— f,f 
3 m, 

> m, 

^ ^Pi'm? 

” . Kpi'm" • 

KpiWm"’ 







. D 

• A(V„" - 

Qpt’p" ) 

VII 

(P") 

(k) 

p\ ■ P 2 • 

m'. d 

■(K'p, 

'm/ • 

v) w («^ 

K’ 

n/ • f^pi'm, 

/) 







(Kpi'mj 

'■K’J 

1 • 

K-Pi'm/) 

m 

p[.Pi 

K f 

• xv ]n'j»2 

: 3 

• K' 

. 3 . K pi ' mt 

n . Kp^fpi^t 

9 , 






Kpi’mJ 

T?' 

n . K pi ' me 

99, 


(m) 

p\ ■ Pi 

TC 

* lv Jn'i>2 


• (K pi ’m e 





(n) 

K' 

**pi f P2'in e '” • - 

d . A {6p x fp/f 

W' ) ^ eAp'p^r 

(?”)■ 

t 

( 0 ) 

3ju V'a 

(e.3. 

3m 0 9 

K’ 

^Pi'pt'mt 

.o.A(9 Pl .p 

P Qpi f p ,f ; 

^ eAn' pl 'Hp» 

W)) 


(13) t . A'. 93y D ' AViV . xp /r . 3 : ga* 3 . 0 A/®iW 

(14) § sp'. A'. SO?' 01 * 18 '* 3 '. <p". 3 ; 3 

(15) ^-A'. 2K' W1V : 3 : tf'*” 1 ’"*. 3 

sp', a' . yft> D ' yK,t ’ Bl ' _ <p" _ a" . . (50^ , 50^ ,/ ) t>lA ' 

_ (SD?'9W")t Da ' ' KuBa ■ (3ftW')* Dli '" JCl,fls - 

* By (11) and (8). 
t By (i). 

t By (12); § 9o5; § 23a4 ls ; § 39o5. 

$ By (13); J 9o5; 123a3 s . 

|| By § 12.1; § 21al, 2, 3, 4; §39o5, 15; § 29.3. 


3.(2»') Uli "' A ' I!fl ’ 
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40. Theorems.—By §39ol4, 15; §23ol6; §29.6; §9a5; §18.2, 3; 
§ 29.3; § 39a5 the following theorem is readily proved. 

Theorem I. From 

33 . A . (B, defined in § 39.8) 

it follows that 

an* 1 *. (M* .».£«*). 

This theorem is to be compared with I. G. A.,* § 8211 where the 
property K m is secured as a result of D, A, K xi , the development 
being as here unconditioned. The properties A, K X) K 2 are common 
to the hypotheses of the two theorems. The property D x is less 
restrictive than D, and it is easier to ascertain whether or not it is 
possessed by a given class of functions. The genus (SI; 31; A; 3)?®*) 
is very extensive and includes the systems I; II*; III; III 0 ; III,; IV 
with the ordinary developments of the classes 31 concerned. In 
particular any class of functions containing a single constant function 
not zero belongs to this genus. Usually one may ascertain by in¬ 
spection whether or not a class of functions possesses the property B 3 . 
The hypotheses of the theorem given here cover cases not covered 
by the theorem of I. G. A., § 8211. Consider for example the system 
(31; 31; A; 30?) where 

31 = interval 0 < p ^ 1; 

9)1 * |all Z) a< p*J where k and l may be any positive integers or 0; 

A sb any development of 31 such that 3)? has the properties A, K x ,Kt. 
an does not possess the property D. It might be thought that 
a development of 31 could be designated such that an would have the 
properties A, K lt K v ~K uif . However, this class of functions does 
have the property D x and whatever the development of 31, an has the 
property B z . Therefore if the development of 31 is such that an 
has the properties A, K x , K t , then an has also the property K ut . 

Theorem II. From 

35 .A. 

it follows t that 

an *- 4 . (bm <• km. 

*Cf.|23ol8. 

t By Theorem I and § 361. 
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Theorem III. From 
it follows* that the composite systems: 

(a; W'; A'"; Ml"); (21; 9J'93"; a'"; (sjhr'Ol); 

(Sl;93T^A'";(Ml")*), 

ore swell that • 

(90 , ?'9??") J>lA ' "*“*»*“•; (93?'9J?") I/ Cl ' v " K " BtKiu ; (99?'99?") 1)1 LD,A ''" CuJ}3,c,s *. 

From preceding theorems and propositions the following closure 
theorem is readily obtained. 

Theorem IV. The respective genera of all systems : 

(SI; 93; A; 9T), 

where 

P = B 3 ; W,; D 1 AK u B 3 (K n J, 

are closed under the five operations A, B, C 0 , C j, C 2 : 

A: linear extension of classes 99?; 

B: *-extension of classes 93?; 

C: simultaneous composition of classes 93 and developments A and 
C 0 : multiplication of classes 93?; 

C\\ linear composition of classes 93?; 

C 2 : *-composition of classes 93?, 
and the combinations of these operations. 

The respective subgenera of all systems obtained by operations A, B, 
Ci, Co and their combinations are the repective genera of all systems: 

(SI; 93; A; 9T-), 

where 

Po s Bz) LDiKitBt; LD\AKnBz(K ui f). 

These genera are closed under the operations A, B, C i, C 2 and their 
combinations ; to these genera belong the systems /; //„; III) III o’, ///«; 
IV. 

Propositions relative to systems (SI; 93; A; 93?) where 93 is 93 1 ; 93 1 or 
93“*; 93 1 or 93 111 or 93“*; 93 11 ’*, §§ 41-44. 

41. Propositions f relative to 93 1 .— 

(1)J 9W.3.9T. 

* By Theorem I and § 39ol6. 

f The propositions of §§41-44 are proved by a detailed consideration of possible 
systems satisfying the specified hypotheses, 
tl. G. A., §48.9,10. 
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( 2 ) 

§5 

n 

(3) 

sr . 3 . a« = so? 1 '" so? = [o]. 

(4) 

A.ap.D.aR*. 

(5)* 

a. so? = [oj. 3 . so?* 1 . 

( 6 ) 

A.W*~*'.o. W L . 

(7) 

a. so?. 3 . aw*'. 

( 8 ) 

A :3:S0?*“.«. SO?*"*. 

(9) 

A . SO? 4 = [ 0 ]. d . so?**. 

(10) 

a.so?*.3.59?***. 

(ID 

A . SO?'* 1 .3. SO?* 1 *. 

(12) 

A . S0? A *‘. 3 . SO?* 1 -* 11 -. 

(13) 

A. SO ?* 1 4= [0].3. SO?* 1 -* 11 -. 

(14) 

A. S0?~ i * 1 .3. SO?* 1 -* 11 -. 

(15) 

A. SO? * [0]. 3 . SOl^.co.SO?* 1 -.^.® 


42. t Propositions relative to SO 11 * or < ^3 I . 


( 1 ) 

( 2 ) 

(3) 


a . m K '~ K "~ Ku + [o]. =. m~ Ki \ 
a . . = . awr* 1 *. 

A . S0l A * r *>*-*«•. 3 . so ?'*"*. 


* This proposition is of general reference, i. e., it holds for $ general, 
t We add certain suggestions as to the proofs of these propositions. (1) follows from 
§27.10,11 and the proposition: 

■ 1,2 . ATM . :3 : 0 * . 3 . mi - mj ) . 3 Jl*». 

(2) is a corollary of (1). (3) is a corollary of (1) and § 27.10, 13. (4) and (5) are proved 
through the propositions: 

W 1 ' • A . 9Ra-jt 2 ,d, . SRH.; 

$n*. a . .3. a<*; 

. A"n . , 3 . = SRII,; 

. A . SRA-JTiJTt . 3 . A^. 

(6) follows through a detailed consideration of admissible classes 3Jl z and the proposition: 

¥ n «. an « x 0 (i, ib). k +1, o. m * .3. An, 

where Xo is a subclass of 2(. (7) is a corollary of (6) and § 20o3. (8<) follows through the 
propositions: 


W 1 '. a . »"“i.3. A<*; 
. A . .3. An. 
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(4) 

A. 

2TC AKi ' x ‘.3. 

, an*>*. 

(5) 

A" Fl 

.an™. 3 

>.an Ks \ 

(6) 

A' 

Fi .an 1 A .3. 

an* 1 . 

(7) 

A 

.an™. 3 . 

an* 5 . 

(8.) 

A 

.an™*. 3 . 

an* 1 * 


43. Propositions relative to a$ IIa or or ^J 1 . 

(1) * A . W DAK,Kt . =. 3 n* 1 * “ an* 5 *. 

(2) * A. 3 “ an* 5 *. 

44. Propositions relative to a^ 11 ”. 

d)t m L .o.m CD . 

(2)t a (fc,j . an A . 3 . an t = arc 11 *. 


(8)5 

a . an* 5 * 1 *. 3 . an* 1 *. 

(4)§ 

a . an* 1 *’*. 3 . an**. 

(5) 

A'. . 3 . W Kl, \ 


To prove (5) consider as separated into three mutually exclusive 
classes defined as follows: 

iP' ■ [all p\ 3 n’ . 3 . n' Pl > = 0]; 

= [all p', }(3/} Up; + 0.3 p' 4= p'. i p' • => • Up’ = /!*,<)] J 

iJJ' S [all p'r 3 (a / 3 Up/ =|= 0 . p' + p' . 3 . 3 n' 3 fl' p ’ + Mr/)]-H 

* These propositions follow from a consideration of the various classes 9JT 2 * on $ n 3 and 
then a discussion in each case of the nature of the development A required in order that the 
class 2 JI may have the other properties required in the hypothesis. 

fl. G. A., § 48.7. 

t From a consideration of the developmental system we show that n functions 0 i... 0 „ 
belong to 9Jtz such that 

011 ... 01 n 

: +o. 

0 nl • • • 0 n» 

S $ IIn may be divided relative to the development into three subclasses $ 1 , $ 2 , $3 such 
that aWiWM) Wa), Consider the further nature of the development of $Pi, ^ 2 , and of 
the functions belonging to 9JI as required by conditions on 9ft. 

|| We may think of this classification in another way. 9JI' is a class of functions on 
to 91 but may as well be considered as a class of functions on 9)1' to 91. In the latter sense 
^ is the subclass of consisting of all zero functions on 9)1' to 91. ^ is the class of all 
repeated non-zero functions belonging to and is the class of all unrepeated non-zero 
functions belonging to % 
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Further separate ip; into classes ipi i( (i = 1 • • • q), such that: 

(pi • p'z) m, ‘ : 3 ; fi '. =>. p' rx > = *v; 

pi W ‘*'. p ®°V. 8 i +$>• = .3 p' J AW # /w- 

3 ^,CWV+V)VllWl(V> 

Also since the development must be such that any two ele¬ 
ments pip', or pip', or pip', or plplj are ultimately separated by the 
development. 

9K'* , ' A '. ip;, =. 3 m 0 »(m Z m 0 . =. 3 l m »ipl, = ip'"). 

Having thus characterized the development it is not difficult by a 
consideration of the developmental system and a determinantal 
consideration as in ( 2 ) to show that 

aftt = [all H 1 3 p’ = constant (%) (i). p' = 0 (%)]. 
W.W ,LCD .=>. fflW% = WW')* 

= [all <p Bo ' w " (,, ' ) 9 <p P " = constant (%,) (ip "). <p p „ = 0 (ip' ( ) (p")]. 
gi - [all = [ a u Vp „ _ o ($',) (p")]. 

& m [all = [all = constant (ip;,) (ip")]. 

%n - [all = n (») - (SH'SR")*. 

The complete existential theory of the eight properties: 

L ; C; D; A; A; JCij if 2 ; A l2 *. §§45-48. 

45. T/ie complete existential theory of the properties L; C; D; A. — 
Moore shows* that the properties L ; C; D; A are completely inde¬ 
pendent.! Of the 2 4 = 16 composite properties formed from L; C; 
D; A and their negatives it is shown that only five, viz., 

(+ + + +); (- • + -),t 

are possessed by classes of functions on ip singular and only ten, viz., 

(+ + + •); (-•••) 

are possessed by classes of functions on ip finite. 

*1. G.A., 548. 

t See I. G. § 47 and preface to this paper for definition of complete independence, 
t The dot • indicates that the corresponding composite property may be taken either 
positively or negatively. 
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The ten composite properties 

(+ + + •); ( — • • ■)> 

are all possessed by classes of functions on $ dual and the 16 com¬ 
posite properties are all possessed by classes of functions on de¬ 
numerable. 

46. The complete existential theory of the properties L; C] D; A; A; 
Ki; K 2 ; K m .—Certain general relations among these properties are 
expressed by the propositions § 23alli 2 , 14 i 2 , 17, 18.* The effect of 
these propositions is to cut down the number of existent composite 
properties from 256 to 148. In fact by § 23alli2 all existent composite 
properties are of the form 

(.-) or (.+ + +), 

and by § 23al4i 2 , 17 none of these can be of the form: 

(• • + • H—I—I-) or (++• — • H—t—h). 


The following table classifies the existent composite properties as 
to L;C] D; A giving the number of existent composite properties for 
unrestricted, ^ finite, dual, and singular. 


L C D A 

¥ 


<pir,> 

V 

+ + + + 

9 

9 

9 

4 

-1—I—h* 

9 

9 

9 

4 

—h H— 

9 

9 

9 

4 

-h -h 

9 

9 

9 

4 

- - + - 

9 

9 

9 

4 

+ + + - 

7 

7 

5 

0 

- + - + 

10 

9 

8 

0 

- + - - 

10 

9 

8 

0 

-+ 

10 

9 

8 

0 

— 

10 

9 

8 

0 

+ + ~ + 

10 or 9f 

0 

0 

0 

+ - + + 

9 

0 

0 

0 

+ + - - 

8 or 7f 

0 

0 

0 

+ - + - 

9 

0 

0 

0 

+ - - + 

10 or 9f 

0 

0 

0 

+- 

10 

0 

0 

0 

Total 

145~146 w 147~148 

88 

82 

20 


* § 23al8 follows from § 23al4i2, 17. 

t We have neither theorem nor examples to show that the composite properties 

(+ + - + + + + -),(+ +-+ + + -), (+*-- + + + + -)» are existent 

or non-existent. 





50 


pitcher: interrelations of 


The propositions of § 44.1, 5; § 42.7, 8i S ; § 41.1, 2, 6, 7,12,14 express 
relations among the properties L; C; D; A; A; K x \ K 2 \ K nif as prop¬ 
erties of classes of functions on $ finite; $ dual; $ singular. The 
effect of these propositions is to cut down the number of existent 
composite properties to 88 for $ finite, to 82 for $ dual, and to 20 for 
$ singular. 

The reader will have no difficulty in verifying the table by means 
of the propositions cited above, and the lists of examples given in the 
sequel. The examples given are all examples of classes of functions 
on <P nI , IJJ 11 *, $"*, or so that of the 145 composite properties proved 
to be existent there is no loss in passing from $ unrestricted to 
denumerable, nor in passing from < *P 11 " to l i|3 I1> . The 88 existent com¬ 
posite properties on $ IIs include all existent non-linear composite 
properties. 

Theorem I. Of the 2 s = 256 propositions involved in the complete 
existential theory of the properties: 

L; C; Z); A; A; K x \ K t ; K m , 

of systems: 

(21; A; a»), 

145 are propositions of existence and 108 are propositions of non¬ 
existence.* Of the properties: 

L ; C ; Z); A; A; K\) Kt, 

any six are completely independent. In addition the properties in each 
of the sets of five: 

(C; Z); A; A; K m ), ( L ; Z); A; A; K n f), (L; C; Z); A; if 12 #), 

are completely independent. Any other subset of properties completely 
independent is a subset of one of the sets already declared to be com¬ 
pletely independent. 

The proof of the complete independence in the various cases above 
consists in verifying that the appropriate examples are given in the 
lists of the sequel. The proof of the last statement of the theorem 
consists in showing by means of the propositions referred to above 
that no subset of seven properties is completely independent, that no 
other subset of six or five properties is completely independent, and 

* The three composite properties about which we have not decided are (L C~D A A 

KiK,-K, w ); (L C-D-A A K(IrC-D A A KtKi~K m ). 
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in verifying that any subset of four, three or two completely inde¬ 
pendent properties is already included in the subsets of six and five 
completely independent properties. 

47. Special developments of particular classes 5J3.—In order to be 
able to give the independence examples previously referred to in a 
concise form we indicate here certain special developments. The 
symbolism here may appear somewhat formidable, but by a little 
careful attention the reader should find it perfectly clear. The classes 
of elements $ considered are <J3\ T', V 1 , t u ' u 

defined as follows: 

- 1. T* ■ 1, 2. - 1, 2, 3. $ n * = 1, 2, 3, 4. 

r 1 - 1, 2, 3, 4,. 

r >m - r'T 1 - m (i = i, 2 ; j = i, 2 ,..). 

T >m - W = [ij] (i = 1, 2, 3; j = 1, 2,.. ., n,.. .) 

47a. Developments of ip 1 .— 

A 1 . =. A j (m. d . l m = 1. ip™ = 1).* 

A 1 . = . A j (m . a. l m = 1. “3 iP™ 1 ).t 

A 1 ,.- . A 9 (m M . D . L = 1 . ip™ 1 = 1). (»T .3. Z» = 1."3iP™ 1 ). 
AiA 9 (m .3 .L = 2 . r* 1 = $ m2 = 1). 

476 Developments of ip“\— 

A} 1 * .h. A 9 (m .3. l m = 2 . ip™ 1 = 1 . ip™ 2 « 2). 

Aj 1 * (m .‘D.lm = 1. iP™ 1 = 1, 2). 

A? 1 .3. A 9 (m . 3 . Irn — 1. “3 ip™ 1 ). 

Af *.=. A» (m . 3. l m = 1. iP ml = 1). 

A 11 ’ . = . Ai (m ,o.l m = 2 . ip ml = ip™ 2 = 1, 2). 

A?. ■. A 9 (m . 3. L = 1). (*»*“ . 3. iP™ 1 = 1, 2). . 3. r* 1 = !)• 

A^.s. A 9 K 4 .3. L = 2 . ip™ 1 = 1 . ip™ 2 = 2) . (m°™ . 3. L 

= 1. iP™ 1 = 1, 2). 

Af*.=. A * (m M . 3. l m = 2. ip™ 1 = ip™ 2 = 1, 2).(w—o. 

= 1. iP™ 1 = 1). 


* For notations $"*, In, etc., see § 13. 
t The class wl $p is the null class. 
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47c. Developments of ip 11 '.— 

A? 1 *. -. A» (to . d . l m - 3. ip* 1 = 1. $ m2 = 2. ip** 3 = 3). 
A?«.s.A»(m.a. Z m - 2. ip ml = 1. iP“ 2 = 2). 
Ap.-.A»(m.a.I»- 1. iP ml = 1). 

A?' .s. A» (to .d. l m = 1. ip* 1 = 1, 2). 

A?.».A i(m.D.l n = l.iP"* 1 = 1, 2, 3). 

A”" .=. A j (m. d . L = 2 . iP ml = 1. iP m2 = 2, 3). 
A?-.*.A 9 (m.D.L - 2. ip ml = r* 2 = 1, 2,3). 

47cZ. Developments of ip” 4 .— 

Ai*.-.A»(».3.k = 4.iP mi = l (Z)). 

Aj 14 . as. A 9 (m . o . l n — 2 . ip ml = 1. ip** 2 = 2, 3). 


47e. Developments of ip 111 .— 

Af n . s. A 9 ( to . 3 . Z m = to . ip m! = Z (Z)). 

AP.S.A9 (to :d: (Z m -«).(!> 2.3. - Z). (Z ^ 2. = . $«* 

= 1, 2)). 


Aj“. =. A 9 (m : d : (Z m = to). (ip**" = to, m + 1, ..., m + n, .. .) 

(Z < to .a. ip ml = Z)). 

A«S-=. A 9 (m . 3 . Z m = 1. ip ml = 1). 


A™. s. A 9 (to . d . Z m = 1. iP ml = 1, 2, 3,..., 

A? 1 . = . A 9 (to . a. Z m = 1. ip ml = 2, 3, 4, ..., n, ...). 

A? 1 . s>. A 9 (to . 3 . l m = to) . (to 0 * 1 . Z. 3 . ip mI = Z + 1) 

. (TO evon . Z .3. iP" ! 

A" 1 .ss. A 9 (to . 3. Z m = to). 

(to— := : (ip ml = 1, 2). (ip m “ = TO + 1, TO + 2,..., 


= Z). 


to + n,. ..). (Z 4= 1, to . 3 . ip*» ! = Z + 1)). 
(m M :3 : (iP 4 " m = to, to + 1,..., to + n,...) 


. (Z<w.3. $"* = *)): 


A™ .s,A9(to.3.Zb = 1, ip ml = 1,2). 

A™ .ss. A 9 (to : (Z m = to) . (Z < to . 3 . iP 4 "* = Z + 1) 

. (<p»» = to + 1, to + 2, ..., to + n,...)). 

A™ . ■. A 9 (to ,to . 3. A m = A? 1 ") . (m M . 3. A" - AlJ 1 *)* 

* If m is even then stage m of A}p is the same as stage m of Ag 11 while if m is odd stage 
m of A™ is the same as stage m of aJJ 1 . 
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47/. Developments of ip n,ra .—Corresponding to the composition of 
the classes $ ra we introduce the composite index ij for l so that 
stage m has l m = i m j m subclasses $«•#, i = 1 , 2 ,... i m ; j = 1 , 2 ,... j m . 

Ai 1,m . =. A j (m :d : i m = 2 . j m = m . ty mii = ij (ij)). 

A? ,ni . =. A j (m . d . = 1 ./« = 1. ^P ” 11 = 11, 21). 

A?*™ . =. A 9 (m .=>. i m = 1 .j m = 1. <P m11 = 11). 

A?*™. as. A 9 (m . 3 . i n = 1 .j m = m. <P mI > = 1 j, 2j ( j)). 

A? ,in .=. A j (m : 3 : (i m = 2 .j m = m) . (j ^ 2 . i . 3 . <P mi > = ij) 

. (<P mn = <P » 21 = 11 , 21 )). 

A?* 111 . = .A 9 (m :d : (i m = 2 ,j m = m). O' < m.i .3 . < P mu ' = ij) 

. (<p»»i'n = , ?p»»:>» = 2 m, 2 m + 1, ..., 2m + n,.. .)).* 

A?* 111 . = . A 9 (m :3 : (i m = 2.j m = m). ( i.j 4= 1, m.3. = ij) 

. = iP’" 21 = 21. f mlm = lm. <P m '- m = 2m, 2m + 1,...)). 

A?* 111 .s=. A 9 (m odd . 3 . A m = Aj Isni ") . (m'"“. 3 . A m = A? 1 * 111 -). 

M im . = . A 9 (m : 3 : (i m = 2 . j m = m ). (j 4 1, m . i. 3 . < ’P mij ' = ij) 

, (^”>11 = 21. <P m,m = lm. ip m2m 

= 2m, 2m + 1,..., 2m + n, ...)). 
A“« UI .=. A 9 (m ' M . 3 . A m = A{ Ilin ”) . (m‘ ,en . 3 . A m = A“ 8in ”). 

47flf. Developments of <p Il3in .— 

A} 1 * 111 . a. A 9 (m . 3 . i m = 3 . j n = m . s )3 miy = ij (ij)). 

A? sln . s. A 9 (m. 3 . i m - 1. j m = m . $ mli = lj, 2j, 3j (j)). 

A 3 1 * 111 . a. A 9 (m . 3 . i n = 1. j m = 1. <P m11 = 11). 

Aj 1 * 111 . 3 . A 9 (m :3 : (i m = 3 .j m - m). (j > 1. i . 3 . ty mii = ij) 

. (i . 3 . iP mil = 11, 21, 31)). 

A?* 111 . =. A 9 (m . 3 . i m = 1. j m = 1. = 11, 21, 31). 

A{ I,m . s. A 9 (m 0 * 1 . 3 . A" = A?*™"). (m*”“. 3 . A™ = Aj wnm ). 

48. Examples .—In the following' sixteen sections, 48a-48p, we 
give the 145 independence examples previously mentioned. We clas¬ 
sify these examples into sixteen sets. Each set is characterized by 
one of the sixteen composite properties formed from the properties 
L) C] D; A and their negatives and with this restriction contains the 
examples illustrating all known existent composite properties formed 
from the properties A; if,; iC 2 ; K nif and their negatives. § 48a has 
the caption: 

* 2 m, 2 m + 1, etc., are bipartite indices of which the first part is 2 and the second 
part is m, m +1, etc. 
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LCD A, 9 examples (§23alln, 17), 4 on W (§ 41.6, 7,12), 9 on 
That is, in this set are given nine existent composite properties 
in each of which the properties L ; C; D; A occur positively. The 
propositions § 23oll 12 , 17 show that there are no other existent 
composite properties similarly characterized as to L; C; D\ A. Four 
of the examples of the set are on and the propositions § 39.6, 7, 12 
show that the other composite properties of the set are non-existent 
for P 1 . All of the composite properties of the set, nine in number, 
are existent for < i)? 11 *. Only five of the examples are given on 
but those composite properties existent for 93 1 are also existent for 
<P n ', 'ip 11 ;, ip 111 , etc. In fact the character of a class 9)1 as to the 
properties 

L; C;D;A; A; 2?,; PC 2 ; K m , 

is invariant* under the enlargement of 'ip to a class ip' by the adjunc¬ 
tion of a class < ’P ,/ having no elements in common with 9), the de¬ 
velopment of being identical with the development of ifi and the 
functions ju of 902 being extended to functions /*' of 9W' vanishing on ip". 

We give each example in the following order: 

(а) character as to A K, K 1 K nif \ K xif in the order indicated; 

(б) The class 9$ of the example; 

(c) the development A of the class 9P; 

(d) The class 9K designated as a class or by the enumeration of 
the functions belonging to the class; 

(e) Proofs are given where it seems desirable. 

In all the examples in which the property A occurs positively, the 
developmental system satisfies the conditions la, l'b of § 17 and is, 
therefore, independent of the representative system. The reader will 
have no difficulty in specifying a developmental system I) (9)1) such 
that for every m and p 

£ v? = l; £ AST = 1; C = 0 (W- 

s s 

In case the development A is vacuous the reader should recall that 
every class 9)1 has the property A. We do not in general give the 
developmental systems for the examples, but we do indicate, in foot¬ 
notes, developmental systems for the examples § 48a8; § 4801; § 48010 
which seem to be illustrative. 

In case the property A occurs negatively, to validate the example 

* The same phenomenon as to L\ C; D; A is noted in I. G. A., §48. 
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one needs to show that for no representative system does there exist a 
developmental system SC®?), belonging to the class 50?. 

If a particular class 9)1' has the property K' i1f (i = 1, 2, 12) the 
proof of the same may be made either by recognizing that other 
properties possessed by 50?' imply K' i1f or, if this is not true, then by 
actual computation and identification of the classes (SO?'®!")* and 
55» s [all where 50?" is an arbitrary class possessing 

the properties L; C; D. The class is usually best computed as 
the greatest common subclass of the classes gi and g 2 . If for a 
particular 50?"^° the class (50?'SO?")* is not the same as the class 
[all then 50?' does not have the property JT,*. 

The absence of X[* in the examples given is best shown by taking 
50?" as 31 and showing that 50?'* and [all are not the same. 

48a. LC D A,9 examples (§ 23alli 2 , 17), 4 on 5P 1 (§41.6, 7, 12), 
9 on® 11 ’.— 


A K t K,K ln ] K lt K n 


(1) + + + +; + - :$ x ; Aj; 50? « 0 * 

(2) - + + +;+- r* 1 ; Aj; 50? - 0. 

(3) - + + :$*; Aj; 50? - 0. 

(4) + - + : V; Ai; 50? - [a] . 50? 1 - 31. 

(5) r h ; A?*; 50? ^ [0, a] « [all » = 0]. 

(6) - + r u ) A?*; 50? « [0, a}. 

(7) + + ® n '; A”’; 50? = [a, 6] = 50? IIj . 

(8) +-;-: ® n> ; A?*; 50? = [a, 6]f. 

(9) -;-: 5p n ’; A?*; 50? = [0, a]. 


486. ~LC DA, 9 examples (§ 23all ]2 , 17), 4 on (§41.7, 14), 
9 on ® Uj .— 

a K, K t K m ]K„K u 

(1) + + + +; + + :® 1 ; AJ; SO? ■ l.J 

(2) —H + +;+ + : D 1 ; Aj; 50? = 

(3) H-1—; —’ SO 1 ; AJ; 50? » 1. 

(4) - + :® 1 ; AJ; 50? - *. 

(5) - + + ® n *; AP 1 ; 50? = (1, 0).§ 

(6) + + r’J A?*; 50? ^ (1, 0), (1,1). 

* HR consists of the zero function, 
t For this case a developmental system is: 

©(») • (t* 1 - (1, 0) (m m ). fi* 1 - (1,1) 

X HR consists of a single function whose functional value is 1. 

§ HR consists of a single function m such that mi *“ 1, Ma ■ 0. 
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(7) +-; --:**;*{*; SR-(1,0), (1,1). 

(8) - + SD 11 *; Ap; 50? - (1, 0). 

(9) r*; Ap; 50? - (i *), (*, 0). 


48c. L C D A, 9 examples (§23olli 2 , 17), 4 on SD 1 (§41.7, 14), 
9 on 3D 11 *.— 

a X, K,K m ; K lt K, t 

(1) + + + +;+ + : W; Af; 3D? « 1/n (») * 

(2) - + + +;+ + : 3D 1 ; Af; SD? ^ l/2» (n). 

(3) + - + -;- + : V; Af; SD? - 1/n (n). 

(4) : 3D 1 ; Af; 3D? - 1/2n (n). 

(5) - + + r»; Ap; SD? - (1/n, 0) (n). 

(6) + + --;+-: 3D 11 *; Ap; 50? = (1, 1), (1/n, 0) (n). 

(7) +-; - - : T'; Ap; 3D? - (1, 0), (1/n, 1/n) (n). 

(8) - + r»; Ap; 3D? - (1/n, 0) (n). 

(9) -; - - : r u ; Ap; 3D? - (1/2, 0), (l/2n, l/2n) (n). 

48d. ~L~C D~A, 9 examples (§23all 12 , 17), 4 on SD 1 (§41.7, 14), 
9 on 3D 11 ’.— . 

A Ki *,*,„;*„*„ 

(1) + + + +;+ + : 3D 1 ; Af; 3D? = 1, — 1/n (n). 

(2) - + + +;+ + : V 1 ; Af; 3D? = - 1/n (n). 


(3) H-1—; —(- : 3D 1 ! Af; 3D? = — 1/n (n). 

(4) : 3D 1 ; Af; 1 = - 1/n (n). 

(5) - + + r*; Ap; 9J? = (- 1/n, 0) (n). 

(6) + + --;+- : 3D 11 *; Ap; 39? - (1, 1), (- 1/n, 0) (n). 

(7) +-; - - : r 1 ; Ap; SD? - (1,0), (0,-1), (1/n, 1/n) (n). 

(8) - + SD 11 ’; Ap; 3D? = (— 1/n, 0) (n). 

(9) -; - - : r»; Ap; 3D? - (1/2, 0), (-1/n, -1/n) (n). 


48c. ~LCD~A, 9 examples (§23alli 2 , 17), 4 on 3D 1 (§41.7,14), 
9 on 3D 11 ’.— 

A X, Jf, IT,,* j Hu K t t 

(1) + + + +;+ +:3d 1 ; Af; 50? - 1, - *. 

(2) - + + +;+ + :3d 1 ; Af; 3» - - 1. 

(3) + - + -;- + :3d 1 ; Af; 50? - - 1. 

(4) + :3d 1 ; Af; 50? - - 1. 

<5) - + + T ; - - s 3D n *; Ap; ■ K - (- 1, 0). 

* The symbol (») means for all n. 
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( 6 ) + + r*; A?*; 2 ft - ( 1 , 1 ), (- 1 , 0 ). 

( 7 ) +-; - - : r*; AS 1 *; 2 ft - ( 1 , 1 ), ( 1 , 0 ), ( 0 , - 1 ). 

( 8 ) - + T') AS 1 *; 2 ft - (- 1 , 0 ). 

(9) -; Aft SR-(1, - 1), (-1, 0). 


48/. LCD A, 7 examples (§ 23al4n, 17), 0 on 25 1 (§ 41.2), 5 on 
$ n * (§ 42.7), 7 on $“*.— 


A Ki K, Km J Ki t 


(1) 

- + + 

$"*; A? 1 *; 2ft 

= [a, ~ 

a] s [all m »Mi = 

(2) 

H-1—;- 

T'; AS 1 *; 2ft 

= [a, - 

4 

(3) 

+ , 

$“*; AS 1 *; 2ft 

= [o, ~ 

oj. 

(4) 

— _l_ — — j — — 

25 11 *; AS 1 *; 2ft 

= [a, ~ 

4 

(5) 

> 

2J 11 *; AS 1 *; 2ft 

= [a, - 

a]. 

(6) 


25 IIs ; AS 13 ; 2ft 

= [a, 

K® + fr)] 


= [all m 9 M3 = Km i + /*»)!• 

(7) +-; - - : ^ II3 ; AS 1 *; 2ft - [a, b, a - 5] 

= [all n 3 ns = (mi — M 2 )]. 


48gr.. ~L C~D A, 10 examples (§23alli 2 ), 0 on 23 1 (§41.1), 8 on 
$ u * (§ 42.8,2), 9 on (§ 44.5), 10 on $ in . 

A K<i Km) K 1+ 

(1) + + + +;+ + : V'; A} 1 *; SR - (1, 0), (0, 1).* 

( 2 ) : r h ; AS 1 *; SR = (1, 0 ), ( 0 , 1 ). 

(3) : ^ n *; A?*; SR - (§, 0), (0, $). 

(4) + + r*; AS 1 *; 2ft - ( 1 , 0 ), ( 0 , 1 ). 

(5) +-; - - :r*5 A?; SR-(1,0), (0,1). 

(6) - + r*; AS 1 *; 2ft - (1, 0), (0,1). 

(7) - + + +;+ + : r*; AS 1 *; SO? - (1/2), 0), (0, J). 

(8) --: ^ Il! ; AS 1 *; 2ft = (1, 0), (0, 1). 

(9) - + + r°; Af 13 ; SR - (1, 0, 0), (0,1, 0). 

(10) + + + -;- + :$ ,n ; A} 11 ; 

9ft - [all m 3 (3 p B 9 p Pu = 1. p p = 0 (p * p„))] 

+ [all p. 3 (a, = 3). (p 0<w + 1 • => • Mp = 0)] 
+ [aUM»(Mi-2).(p"".3./*,«0)].t 

Proof of 2ft c .—The three component classes of 2ft are closed as 

* A developmental system is 3)(9N)»(5 ml =» (1, 0), 6 ml - (0,1) (m)). 
t A developmental system is 

©(») ? {ff = 1 (P - 0 . - 0 (p + 0 (ml)). 
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to 3D2 m . Owing to the peculiar initial functional value characterizing 
the functions of each component class of 3D?, the closure of each com¬ 
ponent class as to SD? nI insures the closure of 9)2 as to S0? m and therefore' 
the closure of 3D?. 

Proof of SD?"*"* .— 

9)?* = 2J? In . 

<p Km . d . <p has infinite number of zeros. 

3D?* * [all 


48 h. ~L~C DA, 10 examples (§23oll 12 ), 0 on 93 1 (§41.1), 8 on 
33 n * (§ 42 . 812 ), 9 on (§ 44.5), 10 on $ m . 



A 

K , 

K t K\ 2 t 


K» 

(1) 

+ 

+ 

+ + 

+ 

+ 

(2) 

— 

+ 

+ + 

+ 

+ 

(3) 

+ 


+ - 

: — 

+ 

(4) 

— 


+ - 

; — 

+ 

(5) 

+ 

+ 

— 

; + 


(6) 

+ 

— 

— 

1 

— 

(7) 

— 

+ 

— 

: + 

— 

(8) 

— 

— 

— 

; — 

— 

(9) 

— 

+ 

+ ~ 

1 

— 

(10) 

+ 

+ 

+ - 

1 

+ 


V; A”*; 3D? - (0,1 In), (1 In, 0) (n). 

<P n ‘; A? 1 *; SO? - (0, l/2n), (l/2n, 0) (n). 
y u '; A?*; 3D? « (1 In, 0), (0,1 /») (n). 

A"*; 3D? - (l/2n, 0), (0, l/2n) (n). 
r 1 ; A“ s ; m m (1/n, 0), (0,1 /») (n). 

r*; A“’; 3D? - (1/n, 0), (0,1/n) (n). 

V IU ; A?’; 3D? - (1/n, 0), (0, 1/n) (n). 

r s J A?*; 91? - (1/n, 0), (0,1/n) (n). 

r*; Af; 21? - (1/n, 0, 0), (0,1/n, 0) (n). 
V 1 ; Ai u ; 

3D? » [all p i (3p„ 3 p odd |> . 0 . jup = 0)] 

+ [all p 9 ( 3p„ 9 p even ^ . d . p p = 0)]. 


Proof of 9)2\ c .—Consider sequence such that 


M»p = 0 (p"“ > n); p np = l(p <L n); m»p - 1 (p- 4 ) 
and the functions ^0 and 0 such that 


• Mo P = p(p ev “); Mop « 0 (p M ); e p = i(p). 

JjP„ = 6 (21 UI ; mo). 

* 

For proof of 9)2'*“* see § 48^10. 


48i. ~L C~D~A, 10 examples (§ 23oll 12 ), 0 on 3D 1 (§ 41.1), 8 on 
$“■ (§.42.8u), 9 on y* (§ 44.5),.10 on 

A K, K t K m -,K l% K„ 

(1) + + + +;+ + : 3J n ‘; AP»; 2)? * (0, 1), (1, 0), (- 1/2, 0). 

(2) - + + +;+ + : qj®; A?*; 21? * (0,1/2), (-1/2, 0). 
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(3) A?*; 9)1 = (1, 0), (0, - 1/2). 

(4) : $ n ‘; A?*; 9)1 = (0, 1/2), (- 1, 0). 

(5) + + --; + -: ^ n ‘; A"*; 9)1 - (1, 0), (0, 1), (- 1/2, 0). 

(6) +-; - - : r u ; as*; m = (1, 0 ), ( 0 , l), (- 1 / 2 , 0 ). 

(7) - + A”*; 9)1 « (0, 1), (- 1/2, 0). 

(8) -; - - : r*; A?; 9)1 - (0, 1), (- 1/2, 0). 

(9) - + + A} 1 *; 9)1 - (0, 1, 0), (- 1/2, 0, 0). 

(10) + + + -; - + A}”; 

90? = [all it* = 1. n P = 0 (p 4= p«))] 

+ [all m » (mi == — 3). (p™ w + 1 . d . Up = 0)] 

+ [all#. * 0 *i- -2 ).(p'™'.d. M p = 0)]. 

48j. ~L~C~D~A, 10 examples (§ 23all 12 ), 0 on 9) 1 (§41.1), 8 on 
93 11 ’ (§ 42.8, 1 ), 9 on (§ 44.5), 10 on $ m .— 

A K, K,K m -,K„K„ 

(1) 4- + + +;+ + : r s ; Aft 9)1 - (- 2 , 0), (1 In, 0 ), 

(0, 1 In) (n). 

(2) - + + +;+ + : A?*; 9)1 - (1 In, 0), (0, - 1) (n). 

(3) A?*; 9)1 - (0, - 1), (l/n, 0) (n). 

(4) -- + -;- + : V; A”’; 9)1 - (0, - 1), (l/2n, 0) (n). 

(5) + + --; + -: $ft A?*; 9)1 - (- 2, 0), (1 In, 0), 

(0, 1/n) (n). 

(6) +-; - - : r s ; A”*; 9)1 - (- 2, 0), (1/n, 0), 

(0, 1/n) (n). 

(7) - + r s ; Aft 911 - (0, - 1), (1/n, 0) (n). 

(8) -; - - : r j ; A?*; 9)1 - (0, - 1), (1/n, 0) (n). 

(9) - + + -;--: 95ft A?*; 9)1 « (-1/n, 0,0), (0, -l/n,0) (n). 

(10) *+ + + -;- + : V 1 ; A[ n ; 

9)1 * [all ju i (pi = — 2 ~ 1 w 0). (3 Pp } p oM ^ p„. =>. pp — 0)] 
+ [all /. 9 (ah = - 2 ^ 1 ^ 0). (3p„ 9p ercn ^ p„ .d. M P = 0)]. 


48fc. LC~DA, 9 examples (§ 23all, 2 ),t 0 on 95 11 " (§44.1), 9 on 

9J 111 .— 

A K, K,K m )K lt K n 

(l) + + + +; + -:r m ; a; hi ; 

W = [all #i ,ult0 ] = [all m' > (3 p*' 9 p' ^ Pm- . = • jv = 0)]J 
*Cf. §48*10. 

t The proposition cited permits 10 examples in this set. But we have no example for 
(L C~D A A KiK t ~K lw ). Neither have we a proposition precluding the existence of such 
an example. 

tCf. I. G. A.,§48d. 
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Proof of SR'**— 

sr“*. d . ( 50 i' 5 DT)* = [ail <i > ww »(3 j>; » P ' k P ; .=». = 0 00)] . 

8fi « (SW')* • Si = [all * W) ]. Sit - n (gig,) - g, = (SttWO*. 

(2) - + + +; + -: **“; A‘“; 591 ■ [all m uU# »mi = 0]. 

(3) - + + $ in ; A* 11 ; 591 - [all m uU# » mi = 0]. 

(4) + - + $ m ; AP; 591 = [all m“ u# ]. 

(5) <P“; A? 1 ; 591 - [all m uU0 »Mi = 0]. 

(6) + + r 1 ; A? 1 ; 591 - [all m uU T 

(7) - + 5|J in ; A™; 5D? - [all m uU0 9Mx = 0]. 

(8) +-; - - : V u ; AJ“; 591 - [all m uU0 ]. 

(9) -; - - : <P m ; AP; 591 - [all m u1i ° 9 mi = 0]. 


481. L~CDA, 9 examples (§ 23olli,, 17), 0 on 5|) n " (§44.1), 9 on 
5J$ IU .— 

A K x K 2 Xu*] /Ci* 

(1) + + + +;-+: r 1 ; AP; 

591 - [ail M ult ' c “f * [all m »V ^ P, • = • M* = m p ,)1 

(2) - + + -; -: 5P 111 ; Aj“; 591 = [all M ul, - cunst -» mi = 0]. 

(3) - + + r u ; AP; 591 - [all p'*-”* * Mx = 0]. 

(4) + - + 5j3 m ; AP; 591 = [all m""' 001 ’ 81 ']. 

(5) 5P ra ; AP; 591 - [all m u, “ 9 mx = M 2 ]. 

(6) + +-;-: 5p u ; AP; 591 ■ [all M ult ' CUU8t 1. 

(7) - +-;-: 5JJ In ; A 6 ni ; 591 = [all ^ a ' Ummt ) t x l = 0]. 

(8) +-;-: 5P m ; AP; 591 = [all m uU ' co,lst ']. 

(9) -; - - : 5P 111 ; AP; 591 - [all p aU - wmt - 9 M x = M 2 ]. 


48m. L~C D~A, 9 examples (§23alli 2 , 17), 0 on 5p n * (§44.1), 9f 
on 5p m .— 


(l)t + + + +; + -; V' m ; Ap m ; 

591 - [aU m 9 (*. a. (£ A^y^n . (3i„ 9 j Z j, . =. mi,- = - M 2 ,-)]. 

i 

Proof of 591' c .—Consider sequence {m«! such that 


».3. (m» 1 ,- = 1/i 2 (j) • M» 2 ," = 1/i 2 (i < n) . M» 2 ," = - (1/j 2 ) (j > w)), 

*Cf. I. G. A., |4&f. 
t ¥ n « m is denumerable. 

t The following is also an interesting example for this case: 

$ IV ; A IV « ordinary development of $ IV ; 331 m ["all J cup*]. 
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and functions no and 9 such that 

non = - non = l/j s (j). 9^ = 1/j' 2 (ij). 

• Ljun = 0 (r ,m ;Mo). 


Proof of —This follows readily from the proposition* 











( 2 ) 

— 

+ 

H— 

— 

r* m ; Ap“; SRi - 

[all n B ° w 

*Mn 

— M 2 l]> 

(3) 

— 

+ 

+ + 

— 

%x rnn. A n s m ; m m 

[all n B ° m 

9 Mil 

= M 2 l]> 

(4) 

+ 

— 

+ - 

- — 

U 11,111 ; A" ,1U ; m 3 

an. 



(5) 


— 

H— 

— 

A n,m. gj?2 s 

[all n Bm 

9 Mu 

= 0 ]. 

( 6 ) 

+ 

+ 

— 

+ ~ 

f 11,111 ; Ap m ; SR 3 

an. 



(7) 

— 

+ 

— 

— 

T ,m ; Ap m ; an 2 3 

[all n B ° s 

*Mn 

= 0]. 

(8) 

+ 

— 

— 

— 

^ 11,111 ; A" ,in ; an 3 

an. 



(9) 

— 

— 

— 

— 

f ,ni ; A 1I,ni ; an 2 3 

[all n m 

9 Mil 

= 0]. 


48n. L~C~D A, 9 examples (§23alli2, 17),f 9 on (§44.1), 
9 on < }} in .— 

A Ki K v: t \ A',* A',, 

(l)t + + + +;--: Af m ; 

501' s [all n' o (3 j j ^ . d . (m'i; = 0. n'v =/4v))l 

r 11 # / lilt. 0 / ult. const.-. „ 

= lall M 5Ml • M 2 J.§ 

Proof of W Kn ’\—The classes|| gj, g 2 , gi 2 here are easily com¬ 
puted. The classes 5 D 2 ' of the examples of § 48M and § 48Z1 each 
possess the property A’j,*. In each of these cases the classes $12 and 
therefore the classes (an'an")* are easily computed. From these 
*1. G.A.,§23c8. 

f The reference cited permits ten examples in this set, but we have neither an example 
for the composite property ( L~C~D A A KiK-rKn*) nor a theorem precluding the existence 
of such an example. 

X An-interesting example (see I. G. A., §48c?) for this case is: 

SB [y] (t ** 1, 2, •.7i, ,..; j 33 lj 2, ..., 7i, •..)) 

A» m . D . (i* - m). (» < m .j . D . = ij ). (j . D . 

» wj, m + 1 j, ..7n -f nj, ...); 

■■ [all m ® (3;V ^ • wy = 0(f)). : D : 3i*i»£ S £/. 3 . M»y = w,y)]. 

This example is obtained from the examples of § 48&1, § 48Z1 by the regular composition 
and linear extension of the classes 3)1 and the regular composition of classes $ and develop¬ 
ments A. The example given above is an example of composition of a different kind. 

§ $ 48*1, S 4821. 

||a. §48. 
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considerations it is not difficult to show that in the present case 


W ,LCD . 3 . (HR'HR")*= 8 « = [all (3 j, • => • $Uv" = 0 (p")) 
. (^ .:a 3 j u'ii" 9e : 3i,s jx £ i, .j '2 ^ i« 

.x>. A(<t> ijlP „ - ^ eiMy.Mp" (?>"))]• 


( 2 ) 

—M—; — 

<p/ n * in . 

A /II2III 

A 6 

(3) 

- + + +;-- 


A /IIlHI 

AA 8 

(4) 

+ - + 


A '” 5 ” 1 

(5) 

- 1 -;- 

ywn, 

A '] 1 * 111 

( 6 ) 

+ 4-; — 


A /USUI 
AA 9 

(7) 



A /USUI 

AA 9 

(8) 

+ i 

«jp/ii«ni. 

A' 1 / 2111 

(9) 

j 


A /USUI 

AA 2 


2R[ = [all S m'u = 0]. 
2R', - [all /**' 9 /in = 0]. 
HR' m m\ 

aw; - [aii ^ » mu = 

HR' = SR'. 

m m [all / S ° W 9 n'n m 0]. 

HR' - SR'. 

SR[ s [all p ,m ' 3 n' n = 0]. 


48o. L C~D~A, 7 examples (§ 23al4j 2 )*, 0 on $ n “ (§ 44.1), 7 on <P m . 
—We define the following class of functions on ip”*™: 


2R - [all ju j i. 3 . ju" 11 ' 0 ]- 


The classes of functions on < p n,m of this set of examples are all sub¬ 
classes of HR, the functions of which satisfy certain further specified 
conditions. 

A if, Ki K,j*; K lt K u 

(1) - + + HR, - [all m »;.3.a*v- -**«]. 

( 2 ) r hUI ; A?* m ; 2R 2 - [all M* (mu = M 2 ,) 

. (i > 1.3 . Ml; = - M2;)] 

(3) r hm ; A?’ m ; HR, - [all — My]. 

(4) + + ^3 Il8in ; A] 1 *™; 2R - [all M 9 (t. 3. M? lt0 ) 

• (j • 3. M3; = l/2(Ml; + M2;))]. 

(5) - + HR, - [bUm*j.3.mw = -mvJ. 

(6) +-; - - :r ini ;A?* IU ; 

SRs = [all 1X3 (j > 1. 3 . Ml; = — M 2 ;)]. 

(7) -; - - : V* 11 ] A?‘ in ; HR, * [all M » j . a. My - -M 2 ,]. 

* The reference cited permits 8 examples in this set, but we have neither an example 
for the composite property (L C“D~A A KiKfKiu) nor a proposition precluding the ex¬ 
istence of such an example. 
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48p. L C D~A, 10 examples (§ 23all 12 ), 0 on ^ IIn (§44.1), 10 on 
A Ki Kj Km j A,* A.,. 

(1) + + + +;+-:r 8in ;A5 wn ; 

9K ■ [all m 9 (». a. (£ Ap ij ) a,amgmt ). ( M ? u# ). 

^ lwn ; A{ WI1 ; 2 Ri ■ [all ju® 11 ** mu = m« = Mad- 

<pn 3 m. A iWii ; g Bl . [all m®"®» mu = Mu = Mod- 

M 1 ; A[ WII ; a» = aw. 

M 1 ; A“ aIU ; 3)1 2 b [all m® 1 "*mu = 0]. 

? ,wn ; A’ 1 ' 111 ; ® s f. 

M 1 ; A| I,ni ; 3K 2 b [all m® 0 ®* mu = 0]. 
r um ) Ajw“; 3Jt = 3Jf. 

M 1 ; A" 3 ” 1 ; 3K 2 = [all m®"® j mu = 0]. 


+ 


(2) — \ —1— 

(3) - + + + 

(4) +- + - 

(5) - 

( 6 ) + -[- 

(7) - + 

( 8 ) +- 

(9) - 

(10) + + H— 

My] =[y‘l (*»1,2 ,j*b -i+ 1,..0,1,2,.. i); 

Each stage m of the development A consists of the classes: 

y mii = y (i = 1, 2, ..m ; j = - i, - i + 1, ..0, 1, 2, .. i ); 
3)1 b j^all m »(3 (i M . {a,-}* . [b,}J s (Lai = L6i = 0). 


(i ^ i M . j . 3. m .7 = a.- cos ^ + 6i sin , 


Proof of 3T\— 

3 {m. }**»((» <[ n .f) . 3 . Mn,7 = | ) . ((f > «, .j 4 ) . 3 . M»,7 = J COS 

3 M?°* j (mo ,7 = J} sin (v)) • 

Lm„ = 0 (3?; mo) 

n 

where fly = 7 (y). 

v 

Proof of 3ft* 1 .—Given a function m in the definition of which 

* Cf. $ 48fcl; § 48ml. The proof of in this example follows in the same way as 
proof of $ 48nl follows from § 48/cl and § 48/1. 
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pitcher: interrelations of 


sequences {<*<} and occur we must show a function no such that 

H KlM . 

({u»} • {h»}) :3 : 3 {c*} ® (iz ^ ti Act 2 ^ Ac 2 ^) • (Jjc*' = 0). 

(i . d . .Act,- ^ Ac,-. Abi ^ Acj). 

{Cj} • D • 3 {i} 9 (Jj C%di = 0 • Jj dj “ • (IjU|d| = Ij &|dj = 0)# 

4 < i < 

Hi 9 /tit; = d./ii; . 3 . Mf*. 


The function /ti is available as the desired /to- 

Proof of W K ".—We show that 30?* + [all p* 1 ®]. In the proof 
of W c we saw that the function 0 there defined belongs to SO?#. We 
will now show that 0 is not dominated by 9)1 and therefore cannot have 
the property i^iSDl. Suppose 8 BlM . 


0.D.3/t9 Ada ^ Afi ij iij). 

H :3 :3v»(i ^ V .j) .3. cos g + Ming. 

^ (o,-cos g + sing) 

= Va] + b)A^ 

= l/oj + A sin + g) - | ^ a< ^ 
a,-.3.3j 0| 9.4(a,+^j)<g 
0 ft “. 3. r ^ v"aFF&I sin ^ (i ^ i M ). 

0*“. 3. l/af+ 6* £ —— (i ^ ij. 

. . 7T 


a< jV 6,- . 

~ 7 = r COS 1. + V , r Sin 

✓oj + b\ & Va\ + 6* 2/ 


* 

2 i / 



2 
7T * 


3 ii 9 i ^ i\ . d . V" d\ + b\ > ". 

7T 

* a< and b% are never simultaneously 0. Otherwise ju does not dominate 6. V a < + 
denotes positive square root of a* + b*. 
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Thus we have the contradiction that either 

L flj ^ 0 or Jj bi =(= 0 . 

< > 

It now follows from § 351; § 20 a 2 ; § 27.10, that 

48 q. Miscellaneous examples. —In this section we give examples 
useful in connection with those already given for the characterizations 
of the sequel. 

(1) ~LCDAAK x KJC m -, ~K» K lif : 23“’; A“ 2 ; 9ft - (1, 1). 

(2) -LCDAAKfitK,^, ~K lit rK^ : 23“ 8 ; A»*; 3R « (1, 1, 0). 

(3) LCDAAK.KfK^; ; A. 11 '; 2ft - (a, a, b). 

(4) ~LC~DAAK,K 2 K m ; : 2J" 1 ; A” 4 ; SR - (0,1,1, 0), 

( 1 , 0 , 0 , 0 ). 

49. Characterizations of classes ^ of elements, of developments A, 
and of classes 2ft of functions. —By comparison of previous theorems and 
examples there arise many characterizations of classes 23 of elements, 
of developments A, and of classes 2ft of functions. Of these character¬ 
izations we indicate the principle ones which are evident. 

49a. Characterizations* of classes 25 of elements. — 

Theorem. In the following four sets (I, IIi 2 , Ilm, II) of properties 
of a class 23 of elements, any two properties of the same set are equivalent. 


(11) 

singular. 



(I 2)t 

A D . 2ft .3. 2ft* 2 . 

§41.74 

§ 48a7. 

(I 3) 

A*’. 2ft' A '*‘. d . 2 ft" 1 . 

§41.6. 

§ 48a5. 

(I 4) 

A F . 2ft" 1 . 3. 2ft* 2 *. 

§41.10. 

§ 4865. 

(I 5) 

A*. 2ft" 1 .3. 2ft* 2 *. 

§41.10. 

§ 4866. 

(I 6) 

A D . 2ft' 1 .3.2ft* 2 *. 

§41.10. 

§ 4866. 

(I 7) 

A*. 2ft"* 1 . 3.2ft* 2 *. 

§41.10. 

§ 48a5. 

(18) 

A v . 2ft"* 1 .3.2ft* 2 *. 

§41.11. 

§48/2. 

(19) 

A D . 2ft* 1 *. 3. 2ft* 12 *. 

§41.8. 

§ 48a7. 

(110) 

A a . 2ft* 12 *. 3. 2ft* 1 *. 

§41.8. 

§48al. 

(Ill) 

A a . 2ft A *‘. 3. 2ft* 1 ** 12 *. 

§41.12. 

§48gl;§46a7. 

(112) 

A FC . 2ft" 1 * 1 .3.2ft* 1 ** 12 *. 

§41.14. 

§ 4865. 

(113) 

A D . 2ft" 1 * 1 .3. 2ft* 1 ** 12 *. 

§41.14. 

§ 4868. 


* Cf. I. G. A., § 49, for similar characterizations, 
t A n ■ A , every class ip m * is the class Sp. I. G. A., § 75. 

| The references are to the theorem and example which in view of the fact that a com* 
posite property existent for a class $1 is existent for any superclass of (cf. § 48), establish 
the characterization. 
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(114) 

A a .501* + [0 ].d. 501 *-. 

§41.15. 

§ 48a6. 

(115) 

a fc . 501 * * [ 01 . 3 . 501 **. 

§41.15. 

§ 4865. 

(III, 1) 

singular or dual. 



(Hi* 2) 

A . m ~ LK '~ K "' Ku . 3. 501'*’*. 

§42.2. 

§4832. 

(IIw 3) 

A . 3K AK «' K ‘*' jr »*. 3 . SDT*”*. 

§ 42.3. 

§4832. 

(Hi. 4) 

a d . 50i A *"*.=. aw*». 

§42.4. 

§48/6. 

(Hu 5) 

A- v ' F .m™ Kt .o . 501 **. 

§ 42.5. 

§4833. 

(Hi, 6) 

A' VlD .501 £4 .3.50b 1 . 

§42.6. 

§48/6. 

(Hi, 7) 

A a .a» t '".3. 501 *. 

§42.7. 

§48/6. 

(Hi, St) 

A fc . 50P*. 3. 501**. 

§ 42.8 <. 

§4839 (i-1,2,12). 

(II m 1) 

singular, dual or triple. 



( 1 I 123 2 ) 

A.sr^.a.sR^-aR* 

'. §43.1. §48g4. 

(IIi„ 3) 

A. W DKlKlKlu . 3. 501**“ 501*-. § 43.2. § 48?4. 

(II1) 

finite. 



(II 2) 

a*’ . 501 ***. 3. 501 *’*. 

§ 44.4. 

§ 48^10. 

(H3) 

A f . 501 A **. 3.501*’*. 

§ 44.5. 

§48310. 


496. Characterizations of developments A.— 

(1) A v * :~:A»3R.3.SR A . 

(2) A* A,501.3.$?*. 

(3) A C >:~:A 9 501.3.501*. 

(4) A ft a 9 501*.3.501*’. 

These follow from § 17; § 20 a 2 ; § 20 al and from the propositions: 

(1') A^'.D.ar; 

(20 A'*.3. 3 501'*; 

(30 A'^.a.]^. 

49c. Characterizations of classes of functions .*— 

(1) 501 = [0] :~:501»A.3.901*. 

(2) $1 9 n . 3. m“‘ ™: «: 501»A. 3 . 501*. 

50. In the Introduction to a Form of General Analysis it is shown 
that the property K m is implied by the properties D, A, K u K% and 
that the properties K lt K 2 are implied by However examples 

* Cf. I. G. A., pp. 130. 
t § 23ol7, llu; I. G. A., § 8211; § 72alli,. 
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given in § 48 of this paper show that the properties D, A as properties 
of classes are completely independent. Many of the cases 

where the property ~DK Xiif is present are covered by the theorem of 
§ 401 of this paper. 

As before remarked we have neither examples illustrating the 
composite properties, 

LC-DAAK^-Km, L-C-DAAK l KfK x „- ) LC~D~AAKiKi~K m , 

nor propositions showing that they are non-existent. However, by 
theorems §321; §351; §381; §401, these composite properties are 
non-existent for certain important and very extensive parts of the 
general field. Thus we have the following theorem: 

Theorem. The three composite properties: 

LC~DAAK iKfKut ; L~C~DAAK x KfK vlif ) LC~D~AAK x KfK m , 

are each non-existent for all systems: 

(SI; *5; A 1 ' 1 ) ®t), (21; A n ; SK), (21; A; 9T‘ & ). 
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A DESCRIPTION OF THE SPECIMENS OF THE 
TELEOSTEAN GENUS ENCHODUS. 

IN THE UNIVERSITY OF KANSAS MUSEUM. 

BY WYMAN R. GREEN. 

Flatus I to XVII. 

(Contribution from the Zoological Laboratory, No. 201.) 

A thesis presented to the graduate faculty of the University of Kansas in partial fulfill¬ 
ment of the requirements for the degree of master of arts. 

T HE purpose of this paper is to offer new facts which will 
aid in the systematization of the knowledge of Enchodus, 
and, so far as possible with the material at hand, to furnish 
anatomical data by means of which future specimens may be 
classified. Since new specimens are constantly being collected, 
a revision of the classification is necessary from time to time. 

After writing this paper the author, in company with Dr. 
R. L. Moodie, spent five weeks in Logan county, Kansas, mak¬ 
ing special search for specimens of Enchodus . In one stratum 
of chalk rock about four feet thick, near Elkader, were found 
several hundred specimens of Enchodus, consisting of numer¬ 
ous operculars, dentaries, palatines, etc., of E. shumardi, and 
a considerable number of specimens of E. dolichus and E. 
amicrodus. It is the writer’s intention to give these considera¬ 
tion in a subsequent paper. No doubt the collection will 
furnish data for a complete description of the cranial anatomy 
of E. shumardi, and many new facts concerning the other two 
species represented. 

The work was undertaken at the instance of Dr. C. E. Mc- 
Clung, to whom the writer is much indebted for many helpful 
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suggestions. He wishes to thank the American Museum also, 
through Dr. Louis Hussakof, for the loan of their specimens 
of Enchodus. Most of the specimens studied were prepared by 
the author under the direction of the assistant curator of 
paleontology, Mr. Handel T. Martin. 

All of the drawings were made by the author. Those for 
figures 3, 4 and 5 of plate II, all of plates III, V, VI, X, XI, XII, 
XIII and XV were made in the following manner: The speci¬ 
mens were photographed and then carefully traced in India 
ink, after which the silver salts were removed by means of a 
thorough washing in a solution of potassium cyanide. This 
process insures greater accuracy of detail and proportions 
than is possible otherwise with the most painstaking measure¬ 
ments. Drawings for plates VII, VIII and IX were made di¬ 
rect from the specimens by means of measurements. Draw¬ 
ings for plates XVI and XVII were made by means of the 
camera lucida. 

The literature on Enchodus shows that there have been at 
least sixty-nine different names proposed for the various 
species of the genus. Thirty-eight of these have been found 
to be synonymous. Thus about thirty stand as valid species. 
Since many of these have been based upon fragmentary ma¬ 
terial, it is quite probable that this number will be much re¬ 
duced as more complete specimens are found. Except in the 
posterior regions of the skull, the bones are so loosely articu¬ 
lated that specimens with the elements in position are not 
often collected. Such parts as the palatines, single teeth, or 
the cephalic ends of the dentaries are frequently found associ¬ 
ated with no other part of the skeleton. This condition, to¬ 
gether with the wide distribution of the species and the ex¬ 
treme variability of so many of the characters, as the size of 
the teeth, their relative proportions, the striations and ridges 
on the teeth, their number, the angle which the palatine fang 
makes with the palatine, depth of the dentary, and some others, 
which have been used in the determination of species, accounts 
for the large synonymy to be found in Enchodus literature. 

Specimens have been collected in the United States from 
Kansas, South Dakota, New Jersey, Delaware, and New Mex¬ 
ico. In all about fifteen species have been described, mostly 
based on fragmentary material. The genus has also been col¬ 
lected in the Senonian and Turonian of England, Turonian of 
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Saxony and Bohemia, Danian of Holland, Upper Senonian of 
Belgium, Upper Cretaceous of Westphalia, Vieux Faugumont 
of Belgium, Comen beds of Istria, the Isle of Lesina, Dalmatia, 
Wealden in northern Germany, in southern India, and in the 
Cretaceous of Brazil. 

The great diversity of structure which results from such a 
wide distribution makes it very difficult to establish definite 
relations between this fish and other forms. Doctor Loorms 
regards the presence of teeth on the maxillary, in the form 
Enchodus lemonciri , as sufficient to give it the rank of a new 
genus; while Doctor Hay has described a specimen that he 
considers a new species of Enchodus ( E . swrvs), which does 
not have the row of fine marginal teeth on the dentary. 
Enchodus dirus Leidy and Enchodus amicrodus Stewart also 
lack the row of marginal teeth. This row of fine teeth on the 
external alveolar border of the dentary is constant in those 
species which have it, and when absent in a species there is 
never the slightest traces of it. It seems to be a very definite 
character. Thus there would seem to be quite as much ground 
for making a new genus for these two forms as for Enchodus 
Icmoneiri. It would not be advisible to do so, however. These 
facts are offered only to show that much difficulty is met with 
in fixing the limits of Enchodus. 

The living families OdontostomuUe and Alepisaurkhe are 
regarded by Woodward (Woodward, 1901) as the nearest 
living relatives of this extinct genus. Enchodus seems to 
differ from Cimolichthi/s in the possession of a much swollen 
palatine. Doctor Loomis says, “T regard Enchodus as belong¬ 
ing to the same family as Cimolichfhijs, and only as a special 
form developed in deep water.” 

The genus has been described by Dr. A. S. Woodward, in 
his Catalogue of Fossil Vertebrates of the British Museum, in 
the following words: 

Trunk elongate fusiform, both this and the head laterally compressed. 
Cranial roof exhibiting a deep median longitudinal depression, its lateral 
apd occipital margins ornamented, like the other external bones, with 
ridges and tubercles of ganoine. Mandible a little prominent, provided 
with an inner widely spaced series of large, slender teeth, the largest in 
front, also a marginal series of minute teeth, all nearly or completely 
solid; premaxilla in the form of a vertical lamina, deepest in front, taper¬ 
ing behind, and with a single-spaced series of small teeth; maxilla long 
and slender, either finely toothed or toothless at the oral border; palatine 
thickened and tumid, with only one large tooth fixed at its anterior end; 
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eetopterygoid (pterygoid) robust, with a single-spaced series of large, 
slender teeth, gradually diminishing in size backwards; no teeth barbed. 
Operculum strengthened on the inner side by a ridge extending horizon¬ 
tally backwards from the point of suspension; branchiostegal rays about 
twelve to sixteen in number. Vertebrae forty to fifty in number, about 
half being caudal; the contra at least as long as deep, constricted mesially, 
and marked with small, irregular, longitudinal ridges. All except the 
foremost rays of each fin finely divided distally, but none excessively 
elongated. No post-clavicular plate. Pectoral fins large, pelvic fins much 
smaller and arising far forwards; dorsal and anal fins large, neither 
much longer than deep, the former arising much in advance of the middle 
point of the trunk, the latter also far forwards; a posterior adipose dorsal 
fin observed in a few well-preserved specimens; caudal fin forked, with 
curved fulcral rays and stout, articulated, undivided rays at its base 
both above and below. Rudimentary dermal scutes, not overlapping, in a 
single median series between the occiput and the dorsal fin, and along the 
course of the lateral line; a pair of enlarged hook-shaped dermal scutes 
at the base of the tail, one on either side of the caudal pedicle. 

Doctor Woodward states that the cranial osteology of 
Enchodus is best known from the specimens occurring in the 
English and Dutch chalk, and the trunk and fins are only sat¬ 
isfactorily shown in the nearly complete fishes obtained from 
the Upper Cretaceous of Westphalia and Mount Lebanon. 
Fortunately the University of Kansas now has several very 
complete skulls as well as other parts of the skeleton of 
Enchodus, and we are thus enabled to add our quota to the 
knowledge of the genus. 

The specimens in this collection are at variance with Wood¬ 
ward’s description regarding the following characters: 

Cranial roof flat, except for the grooved ridges on the 
lateral margins and in the occipital regions; not all of the 
species possess a series of minute teeth on the external alve¬ 
olar border of the dentary; maxillary never toothed; teeth on 
the pterygoid not always slender, but often quite stout, as in 
E. petrosus; the diminution of the teeth on the pterygoid, 
caudad, not always gradual, but often the second, third, or 
even fourth tooth from the cephalic end may be the largest, 
and the others irregular in size. This irregularity is observ¬ 
able mostly in old individuals. In the young specimens and 
in the smaller species, as E. shumardi, the large teeth of the 
dentary and the pterygoid diminish in size caudad until they 
disappear, and usually stand equidistant. The skulls repre¬ 
sented in this museum are approximately triangular from a 
lateral view, the length of the skull being slightly greater 
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than the length of the mandible, and the depth of the caudal 
end of the skull somewhat less than the length of the mandible. 
(See pi. VI, figs. 3 and 4, and pi. XI, figs. 1 and 2.) The head 
was very large in comparison with the body; hence the fish 
could not have been a rapid swimmer. The nature of the 
teeth would indicate that it was a predatory fish, and the fact 
that of the sixty palatines in the collection only one (pi. XV, 
fig. 14) shows a new palatine fang replacing the old, would 
point to the conclusion that Enchodus either had few enemies 
or was very successful in defending itself. Otherwise, it 
seems, of the forty individuals represented by these sixty 
fangs, some would have met their death at a time when the new 
fang had not yet completed its growth. The fangs of both 
palatine and dentary are well suited to a voracious fish, the 
palatine fangs being directed cephalo-ventrally at nearly 45 
degrees (pi. V, pal, and pi. VI, fig. 3) and all of the teeth very 
sharp. The palatine bears a deep groove on the mesio-dorsal 
surface (pi. II, fig. 1, paid) for the reception of the lateral 
processes of the ethmoid. These two elements were found in 
position ip Enchodus petrosas, specimen No. 836 (pi. IV, pal, 
eth), and are so shown in No. 198 of the American Museum 
(pis. VIII and IX). The relation of the palatine to the frontal 
is also shown in the same plate (pal and fr) , and in Enchodus 
petrosus, specimen No. 807, plate V. In the case of specimen 
No. 836, plate IV, the ventral surfaces of the right palatine and 
frontal are shown, while in plate V the dorsal surfaces of the 
left frontal and palatine of the same species are figured. 

The palatine is developed in a very unique manner. Numer¬ 
ous writers have discussed the nature of the swollen portion 
of this bone and have expressed various opinions concerning 
it. Doctor Loomis (1900) described it as a mass of osteoden- 
tine, while Doctor Hay (1903) says that he regards it as 
“merely very compact bone.” Because of these varying and, 
in this instance, diverse opinions, it has seemed advisable to 
examine this bone in detail. The results display some very 
interesting facts. The palatine is quite hard, but may be very 
easily ground on an emery wheel. Several of the large pala¬ 
tines of Enchodus petrosus Cope were used in the investi¬ 
gation. A ventral view of the palatine shows the series of 
crescentic scars external to the large ventral keel. The keel 
is well shown in plate VII, figure 15. About the center of each 
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scar is frequently to be observed a small opening. These open¬ 
ings show much more plainly in some specimens than in 
others. In many they are closed, and their former positions 
are indicated by a dark spot on the surface (pi. XV, fig. 15). 
The line A-O, in plate VII, figure 1, very nearly coincides with 
a horizontal plane passing through these openings, the ce¬ 
phalic three of which are indicated by the letters b, c, and d. 
A detailed description of the internal gross structure and de¬ 
velopment of this interesting element is given in the explana¬ 
tion to plate VII. 

The replacement of the palatine fangs has been described 
substantially in the following words by Doctor Loomis: 

On the anterior end of the palatine there is developed a fold of os¬ 
seous tissue, which grows downward until it overhangs the palatine 
fang. This fold is somewhat larger than the base of the senescent fang, 
and a wing of it extends posteriorly on both sides of the old base. Thus 
as the new base develops the palatine increases in size. From the ven¬ 
tral margin of this fold the new fang develops. 

It has not been determined at just what stage the senescent 
fang is lost. One of the specimens has the basal portion of 
the old fang still present, the old fang having been broken off 
about two millimeters from the palatine (pi. XV, fig. 14). In 
this specimen it seems that the senescent fang must have per¬ 
sisted until quite a late stage in the development of the new 
tooth and then to have been broken out. This, as well as the 
similar cases where two teeth are found standing closely ap¬ 
posed on the ptergoid, would indicate that the swollen bases of 
the old teeth are not absorbed until after the new tooth is 
developed. One might expect to find in a large collection of 
specimens a few that would show the enlarged base of a tooth 
in the process of absorption. Such specimens are at hand. 
The conditions of the bases of the discarded teeth vary from 
a state in which a part of the basal portion of the tooth is still 
present to almost complete absorption. The absorption process 
continued throughout a longer period of time than was con¬ 
sumed in the development of three new fangs. This fact is in¬ 
dicated by the portions of old bases which are to be found just 
caudad to the fang, the ventral surface of the palatine becom¬ 
ing smooth only posterior to the third or fourth scar. The bases 
of palatine and dentary fangs are never completely absorbed. 
(See pi. VII, fig. 15, and pi. II, fig. 2.) A dentary, described 
below, shows very strikingly this slow process of absorption. 
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Doctor Hay (1903) says there is probably an alternation in 
the replacement of the palatine fangs. None of the specimens 
in this collection show this in any marked degree. The fangs 
do not vary even in the larger species, as Enchodus dints and 
Enchodus petrosus, more than one or two millimeters. This 
slight inequality comes easily within the limits of individual 
variation. In no case is there a process of bone extending for¬ 
ward over one fang and not over the other, though several show 
such processes projecting over both fangs. However, these 
seem to the author not to be the beginnings of the new fang. A 
study of longitudinal median sections and coronal sections of 
the palatine would indicate that they have a different origin. 
These overhanging processes, which are composed of true bone, 
are so far above the osteodentine of the palatine that it seems 
improbable that they have anything to do with the develop¬ 
ment of the fangs. The palatines which have this process are 
quite different internally from those which do not possess it 
Figure 15, plate VII, is nearly a median vertical section of a 
palatine not having the piocess, and figure 17 of the same 
plate is a similar section of a palatine which has it. Certainly 
this bony process does not grow down and form a tooth of 
osteodentine. From the shape of the areas, a, b, c, d, etc., in 
figure 17, it would appear that the cephalo-dorsal process over 
a, the base which functioned last, was present over each of the 
other bases, b, c, d, etc., when they were functioning bases, 
i. e., it was continually present, and that it never was present in 
the palatine shown in figure 15. Several palatines were sec¬ 
tioned thus by the writer; although not enough evidence can 
be adduced from the material in hand to make the conclusion 
positive, the study would indicate that the cephalo-dorsal proc¬ 
ess and the type of internal structure found in the palatine, 
shown in figure 17, are constant correlatives. Moreover, it 
seems to the author that the new bases are not formed by a 
fold growing down from above, but that there appears over 
the mesial, cephalic, and to some extent external, portion of the 
mass of osteodentine a gradually thickening layer of osteoden¬ 
tine, deposited by the odonto-blastic tissue which must have 
covered these surfaces, the most cephalic portion developing 
fastest, until the new base was of sufficient size to support the 
new fang. 

■ iS-Univ. Sci. BuII.,VoI. VII, No. 2. 
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Cephalo-dorsal processes occur on the palatines of speci¬ 
mens Nos. 812 and 379 of Enchodus amicrodus Stewart, plate 
X, figures 2 and 3; also in specimens Nos. 831 and 827 of En¬ 
chodus dolichus, plate XIV, figure 1, and plate XV, figure 11, 
pal, respectively. These processes do not occur on the other 
specimens. This is somewhat surprising, since Doctor Loomis 
records having observed, on almost every palatine examined, 
“a spur of this fold.” (Loomis, 1900, p. 275.) The spur re¬ 
ferred to certainly can be no other than the cephalo-dorsal 
process described, since no other similar process is to be ob¬ 
served on any of the other numerous palatines in the American 
forms represented in the museum of the University of Kansas. 

A detailed study of the cephalic end of the palatine sug¬ 
gests a possible explanation of this spur. Note that in the 
longitudinal median sections, shown in figures 15 and 17 of 
plate VII, the bases of the fangs (a, b, c, d, etc., of both 
figures) are, at their dorsal ends, somewhat concave in from ; 
but that this is much more marked in figure 17 than in figure 
15. Microscopic examination of the cephalic surface of the 
last functioning base of figure 17 indicates a structure uni¬ 
formly porous from the surface inward. This would indicate 
that it does not represent a permanent bone surface, but sug¬ 
gests that considerable of the cephalic portion of each base is 
absorbed before the deposition of the layer of tissue which 
will thicken to form the base of each succeeding fang. If this 
hypothesis is true, the cephalo-dorsal process would not al¬ 
ways be equally prominent, nor would the prominence indicate 
the formation of a new base, but it would be largest at the 
inception of each new base and most inconspicuous at its 
completion. Why this absorption should be more marked in 
some species than in others can not be determined with present 
data. 

The succession of teeth is described by Cope in the following 
words: 

The first teeth appear on the alveolar border at a considerable dis¬ 
tance apart. The second teeth appear immediately in front of these, 
and by their presence create the irritation which results in the absorp¬ 
tion of the root and shedding of the crown of the first. The teeth of 
the third series appear in advance of the second, occupying the space 
between them and the empty space previously occupied by No. 1. They 
may coexist for some time with teeth No. 2, as the specimen indicates, 
but the result is, as before, the shedding of the adjacent older teeth. 
In case of the anterior long fang of the dentary, the movement is re- 
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versed. Here the successiona! tooth appears behind the functional, which 
is subsequently shed, and in old fish this tooth occupies a position be¬ 
hind a concave symphysial portion which is edentulous, or only provided 
with the small teeth of the marginal row. 

This description in its entirety applies only to the large 
teeth of the dentary and pterygoid. And, moreover, the proc¬ 
ess is not nearly so regular as one might suppose; but the 
specimens would indicate that only one, or possibly two, teeth 
on a dentary or pterygoid may be undergoing the process 
of replacement at the same time. The teeth of Enchodus may 
not properly be said to have roots, as they are anchylosed to 
the bone. Also, it is found that many of the specimens which 
show a tooth about to be replaced still have the base, and 
sometimes the entire old tooth, standing immediately behind 
the new tooth. However, granting that the process of re¬ 
newal of the teeth takes place substantially in the manner 
described, there arise several very interesting questions. 

Some of the palatines are found to have on their ventral 
surfaces as many as fourteen scars of former fangs, and there 
seems to be no good reason to suppose that the teeth on the 
dentary and pterygoid are shed much less frequently. There 
is ample proof that the dentary fang is not shed as often as 
the palatine fang, yet it seems quite probable that all of the 
teeth are renewed at about the same rate. Arising, as they 
do, originally at nearly equidistant intervals, each of the teeth 
on the pterygoid and dentary (except its fang) is superseded 
by another which appears immediately in front of it; thus 
it is very evident that, since the teeth migrate forward ap¬ 
proximately by their own diameter at every succession, all 
of the alveolar surface between the sites will soon have func¬ 
tioned in the formation of teeth. Thus the fourth, or at most 
the fifth, series will encroach on the territory previously 
occupied by the first set. Could these old sites have functioned 
a second time in the formation of teeth ? 

In case there were fourteen series of teeth on tiie dentary 
during the life of the fish, and the teeth had arisen in the 
first set at such intervals that there was room for three 
teeth to stand between them, obviously the fourth series of 
teeth would have to stand on the sites previously occupied by 
the first set, except the most anterior one (not the dentary 
fang as it migrates backward), which would stand upon a new 



80 


KANSAS UNIVERSITY SCIENCE BULLETIN. 


site. At this rate, each bit of alveolar border would function 
three times during the life of the fish. It may be urged that 
the dentary is growing all this time and that the increasing 
size of the interspaces would prevent any complications. Each 
successive set of teeth is larger than its predecessor, and 
obviously the ratio of the diameter of the teeth to the length 
of the dentary would remain a constant throughout the life of 
the fish. Instead of the growth of the dentary making the 
problem more simple, it only prevents it from being more 
complex than it has been stated. 

It can easily be seen that each new palatine fang has a dis¬ 
tinct base, and no tooth ever appears on any of the old cres¬ 
centic scars left by previous fangs. Also, in case of the dent¬ 
ary fang, there is never a tooth on any of the scars of fangs 
which have been shed. Careful examination of all of the 
specimens of palatines and symphysial portions of dentaries 
fails to reveal any sign of development of a new fang on a 
site where there had been a fang standing before. The cres¬ 
centic scars of the shed palatine fangs extend from the base 
of the fang to the caudal end of the osteodentine of the pala¬ 
tine, and the scars left by the dentary fang extend from the 
base of this fang nearly to the cephalic end of the dentary. 
These portions are always found to be edentulous. 

This would suggest a negative answer to the question. 
There are several specimens of dentaries and pterygoids which 
may be of some assistance in explaining the nature of this 
process. A dentary of specimen No. 803 (pi. Ill, fig. 9, den), 
which shows an especially typical alveolar border, has been 
rcfigured in plate II, figure 2, showing the mesial aspect. Un¬ 
like the palatine, the tooth scars of the dentary show only on 
the mesial side. The contour line, /-/, shows the relative de¬ 
gree of absorption of the bases of the teeth. The bases of 
teeth most recently discarded, viz., those immediately caudad 
to b, c, d, and a, are least absorbed; while the older bases, im¬ 
mediately cephalad to b, c, d, and e, are most absorbed, but 
the osteodentine never entirely disappears from the alveolar 
surface. The latter scars are as large as those just caudad to 
b, c, d, and e; hence they must have been bases of full-sized 
teeth. Since replacement of the palatine fang commences 
when the fish is quite small, as shown by the crescentic scars 
on the ventral surface of this bone, it is reasonable to suppose 
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that the teeth on the dentary and pterygoid are likewise re¬ 
placed early in the life of the fish, although no small scars are 
left as evidence of the fact, as is the case with the palatine. 
These facts would indicate that the large teeth of the mandibles 
(excluding the fangs) do migrate cephalad past the original 
sites of the first series of teeth, and that the scars left by the 
earlier teeth are obliterated in the process. This is probably 
accomplished by a migration cephalad of the odontoblasts and 
enamel cells into the scar areas of the completely absorbed 
bases, these two classes of cells always remaining grouped in 
the neighborhood of the bases of the functioning teeth. Quite 
often the new teeth are inclined cephalad at their bases, due, 
presumably, to the presence of the old base. (PI. IT, fig. 2, d.) 

Since the extent of individual variation has not yet been de¬ 
termined, no satisfactory key to the species can be offered at 
present, but it is hoped that the following may prove helpful. 
To which group Enchodus fcrox belongs can not be determined; 
but because of its large size, it is very probable that it should 
be placed in the group with Enchodus petrosa*, although 
whether it has the row of minute teeth on the external alveolar 
border of the dentary or not is not known, this species being 
based upon a single palatine. 

Having no marginal fringe of minute teeth on the external alveolar 
border of the dentary: 

Petros us group. 

Palatine fang not situated at the cephalic end of the palatine, but having 
the palatine projecting forward from the base of the fang more than 
one-fifth as far as it extends behind it; size as large or larger than 

E. petrosus . Enchodus fcrox 

Palatine fang not laterally compressed; an elongate foramen near the 
mesial border of the premaxillaries; length of palatine fang, 30 to 

40 mm. Enchodus petrosus 

Palatine fang laterally compressed; cutting edge in front only; pre¬ 
maxillaries not as above; a smaller species; length of the palatine 

fang, 15 to 20 mm. Enchodus dims 

Palatine fang straight and relatively slender; distinctly fluted mesio- 
caudally; palatine with relatively great vertical thickness; no fora¬ 
men in the premaxillaries; the smallest species in this group; length 
of the palatine fang 15 to 18 mm. En< nodus amicrodus 
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Marginal fringe of minute teeth present on the external alveolar border 
of the dentary: 

Dolichus group. 

Smaller than E. petrosus and E. di-run; palatine relatively slender; 
palatine fang laterally compressed, and grooved but not fluted as in 
E. amicrodus; length of the fang varies with the size of the speci¬ 
men, from 7 to 23 mm. Enchodus dolichus 

Very small, with bones as thin as paper; length of palatine fang, from 2 
to 10 mm... Enchodus shumardi 

Enchodus petrosus Cope. 

This species was first described by Dr. E. D. Cope in 1874. 
The description was based upon very fragmentary material. 
The deplorable custom of hastening to describe a new species 
upon the discovery of a few bits of bone has resulted in a vague 
definition of this as well as of other species of Enchodus . The 
best specimens of this species are shown in plates II, III, IV, 
V, VI, VIII, and IX. It is a large species, but not so large as 
the unnamed species represented by figures 3, 4 and 5 of plate 
II. The specimen represented on plate VIII, and in part on 
plate IX, together with other material, was kindly loaned to 
the author by the American Museum. The type specimen of 
E . petrosus was included with these specimens. Although Dr. 
0. P. Hay has described this specimen (pi. VIII) as a new 
species, E . sxvus, a careful comparison of all of the specimens 
has convinced the writer that it is identical with E. petrosus . 
The type of Enchodus petrosus , a palatine, has no fang pres¬ 
ent ; but there seems to be no good reason for supposing that 
this type specimen had a fang compressed differently from the 
fangs of the numerous palatines, which it so closely resembles, 
represented in the collection. Since such extensive variation is 
to be observed in all of the specimens, a more or less distinct 
cutting edge on a palatine fang, it seems, would not indicate a 
new species, but only a variant. Nor should the manner of 
compression in the palatine fang serve alone as a criterion, 
since considerable variation is apparent here also. Fish bones 
are not very resistant, and the fangs as well as other portions 
are found to be twisted, due to uneven pressure of the matrix. 
The fang shown in plate II, figure 1, pal , has undergone torsion, 
so that the distal end is now compressed almost laterally! The 
specimen described by Dr. O. P. Hay as E. ssevus (Hay, 1903) 
is refigured in plates VIII and IX. Doctor Hay has figured 
a palatine, preopercular, and what seems to be a premaxillary. 
Regarding the palatine and the premaxillary there is evidently 
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an error. He has figured the right palatine complete with its 
fang, the cephalic end being placed to the right in the figure, 
and describes it in the text as showing the mesial side. He 
says, “The figure represents the inner side of the tooth, and 
shows the inner, or posterior, cutting edge.” Further on he 
describes an outer cutting edge, and the cross section of the 
fang (fig. 60a, 1. c.) shows that if one cutting edge is directed 
outward there can not be an inner cutting edge. To make this 
description intelligible it is necessary to substitute the word 
“outer” for “inner” in the two places where the latter occurs 
in the sentence quoted. 

This museum contains two pairs of entire palatines of this 
species, and with the change suggested the description fits very 
well. Doctor Hay is evidently in error concerning the palatine 
and the bones that articulate with it caudally and dorsally in 
this species. Several of the specimens of E. petrosus show the 
pterygoid firmly attached to the palatine, caudally. There are 
numerous other species in the collection which show this same 
arrangement with regard to these two elements. 

There are also several specimens which display just such 
a posterior aspect as is shown in Hay’s figures 61 and 62 
(1. c.). In view of the fact that so many specimens indicate a 
firm union of these bones, it would seem that these smooth 
surfaces must be explained in some other way, perhaps by 
weathering. The specimen described as an interopercular (fig. 
65, iop, 1. c.) seems to have three rather prominent ridges and 
other less marked ridges and grooves radiating from a point 
near the anterior border, and a single row of teeth charac¬ 
teristic of a premaxillary of E. petrosus. Since Doctor Hay 
was in doubt concerning this element, and the author has be¬ 
fore him a specimen of E. petrosus which has the premaxillary 
present, so greatly resembling Doctor Hay’s figure, he is in¬ 
clined to think that the specimen in question is not an oper¬ 
cular, but a premaxillary. 

Figure 1, plate II, shows an opercular, parasphenoid, pala¬ 
tine and caudal end ol the skull of a specimen of E. petrosus. 
It is No. 804. The opercular shows the mesial view, which is 
smooth except for the rather stout bar extending caudad from 
the articulation with the hyomandibular; pal, pal' and paid 
represent a ventral, an external and a dorsal view, respec¬ 
tively, of the left palatine, the most complete of any in the 
entire collection. The mesial side of this bone sends caudad a 
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vertical lamina, which probably joins a corresponding lamina 
on the pterygoid. On the dorsal surface, about one-third its 
length from the cephalic end, is a deep groove, oblique to the 
axis of the palatine, in which the lateral processes of the 
ethmoid articulate. The enlarged caudal end of the para- 
sphenoid is missing. The ventral view shows the angle of 
compression of the palatine fangs. There are two cutting 
edges, one directed outward and one cephalad, the mesio- 
caudal surface being rounded and the proximal half of this 
surface strongly grooved. The measurements of this speci¬ 


men are as follows: 

mm. 

Cephalo-eaudal measurement of opercular. 7«‘> 

Length of the palatine fang. 45 

Width of caudal end of skull. 90 

Length of bar on mesial side of opercular. 15 


Figures 2, 6, 7, and 9, plate III, represent another specimen 
of Encliodus petroxux, No. 803. Palatines of several other 
individuals are shown on the same plate for comparison. The 
upper figure of figure 5, and the small specimen, figure 11, 
may not be E. petroxux. The extent of the grooving on the 
postero-intemal surface of the fang is shown in figure 3, 
specimen No. 833; also just above this tooth is shown a cross 
section taken about the middle of the fang. The pterygoid 
(pt, fig. 9) is found to be a stout bar bearing nine teeth. One 
is a very large, laterally compressed tooth, and the others are 
represented only by bases. The most cephalic of these bases 
stands at the front end of the bone. Just caudad to this base 
is another which has begun to be absorbed. The large tooth 
has a cephalic cutting edge, but the caudal edge is sharp for 
only about two-thirds of the distance from the distal end. A 
line drawn in the long axis of the cross section of this tooth 
would pass external to the palatine fang about twenty-five 
millimeters. The tooth is grooved mesio-caudally. Caudally 
the quadrate bears a deep groove for the reception of a cone- 
shaped process on the cephalic edge of the ventral end of 
the preopercular. The quadrate has a strong articulation with 
the articular. The appearance of the mesial surface of a 
mandible of this species is shown in figure 8, plate III, and 
the external surface is shown in figure 9 of the same plate. 
The bases of the teeth caudad to the dentary fang are slightly 
swollen. This can not be shown, since there is a thin plate 
of bone along the external alveolar border. There is no fringe 
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of fine teeth on the dorsal edge of this plate of bone in this 
species. The base of the dentary fang is very much swollen. 
Both dentaries display a peculiar mark on the mesial side of 
the cephalic end, about midway between the fang and the 
tooth next to it caudally. This is shown in the mesial view of 
the symphysial portion of the right dentary of this specimen, 
plate II, figure 2. This has the appearance of a repaired in¬ 
jury, but the fact that no signs of it occur on the external 
surfaces of these bones precludes this possibility. A similar 
though not so definite a mark occurs on the dentary of 
Enchodm petrosus Cope, specimen No. 836. The tubercles on 
the symphysial portion of the dentaries are very much like 
those on other species. Qn the externo-caudal side of the base 
of the fang a small tooth has grown up; also, on the external 
alveolar border, cephalad to the fang, there were three small 
teeth situated on an elevated base. The middle one has been 
broken out, the other two only being shown in the figure (fig. 
9, pi. III). The teeth of the dentary and pterygoid arc all 
grooved mesially. The fragmentary premaxillary of this 
species is irregularly tuberculated (pi. Ill, fig. 6). The ven¬ 
tral border is thickened, forming a heavy bar. The cephalic 
end is also thickened, and sends dorso-caudally, at somewhat 
different angles, two bai’s, which strengthen the thin dorsal 
wing. These bars are best observed from the mesial side. 
The symphysial portion of the left dentary (pi. Ill, fig. 7) 
shows the deep mesial groove below the swollen base of the 
dentary fang. The following measurements of this specimen 
(pi. Ill, figs. 2, 6, 7, and 9) may be of service: 


Length of palatine fang. 41 

Length of the dentary fang. 35 

Length of mandible.. 230 

Greatest depth of mandible. 50 

Length of large tooth on pterygoid. 25 

Greatest diameter of this tooth at middle. 6 


From symphysis to nearest point of the articular on the external 

surface . *25 

The fine specimen, No. 807, figured in plate V, shows many 
characters of this species heretofore not known. Most of 
the cranial elements are represented, though they are frag¬ 
mentary. The caudal portion of the skull shows the configura¬ 
tion characteristic of this region. The small occipital crest is 
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present in the median line at the caudal extremity of the skull. 
The post-temporal, which is so seldom found, lies at the caudal 
end of the skull, just to the right of the occipital crest in the 
figure. The bone marked x is present in a few specimens, but 
has not been observed attached to any other bone, and hence 
has not been determined. It is probably a part of the suspen¬ 
sory apparatus of the pectoral girdle. Fragments of the 
supraclavicles are to be seen just behind the opercular. They 
are quite slender and slightly expanded at the ventral ends. 
The dorsal ends of both are broken off. One of these ends is 
lying just back of the left side of the skull. Both palatines 
are present, one of them being refigured (pi. XV, fig. 14) on a 
larger scale to show the prominent base of a recently discarded 
fang. The other palatine shows the bases of the discarded 
fangs absorbed in the usual manner. This is the only indica¬ 
tion, among all of the palatine fangs of the specimens of the 
University of Kansas Museum, of an alternation in the re¬ 
placement of the palatine fangs; though specimen No. 198 of 
the American Museum furnishes another instance. The oper¬ 
cular was very large. Its outline is traced with a broken line 
in the figure. The subopercular is represented, but is only 
fragmentary. Its impression in the matrix furnishes the out¬ 
line of this element in position. The interopecular is almost 
complete, but does not lie in position. There is a small pro¬ 
tuberance on the caudal edge of the preopercular about one- 
third its length from the lower extremity, which is probably 
for the articulation of the subopercular. There are no teeth on 
the external alveolar border of the dentary. All of the teeth 
are slightly grooved mesially. There are thirty-nine vertebrae. 
Possibly some are missing, but certainly not more than two or 
three. They are constricted and are irregularly grooved later¬ 
ally. The caudal fin has been poorly preserved, the rami of the 
fins being represented only by the proximal ends of the fin 
rays. The hypural is present and in position. The bone 
marked f, just ventral to the hypural, is an azygous bone, 
which probably supported a fleshy fin. A much better caudal 
fin of this species is at hand, and is described below. The 
specimen under discussion is only about one-half the size of 
specimen No. 803, and it is quite possible that it is distinct, 
but since the palatine fangs are clearly of the Enchodus pet- 
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rosm type, it is thought best to figure it as a small specimen of 
E. petrosus. The principal measurements are as follows: 


Length of vertebral column . 550 

Width of skull at the sphenotics. 75 

Width of the caudal end of the skull. 55 

From the caudal end of the angular to the p ilatine fang. 180 

From same point to top of hyomandibular. 130 

Depth of caudal end of mandible. 15 

Length of the palatine fang (estimated) . 30 

Cephalo-caudal diameter of the palatine fang at the middle point ... 5 

Length of the post-temporal . 47 

Length of the centra. 15 


These measurements indicate that the fish was comparatively 
short bodied, with a large triangular head. If the pectoral 
fins of this species have the same proportional length as those 
of Enchodus dolichvs (pi. XI), they are one-half as long as the 
body. 

The caudal fin of this species, represented by another speci¬ 
men (No. 806, pi. VI, fig. 1), has nearly equal rami. They are 
comparatively slender and composed of rays which are solid 
near the proximal ends, but the remainder is segmented, and 
finely divided distally. The most anterior rays are short, un¬ 
segmented bars. These gradually increase in length until 
about the eighth ray, when they become segmented distally. 
After the twelfth they elongate rapidly, and the fourteenth is 
large and heavy, forming a large part of the cephalic border 
of the rami. The rays which attach to the caudal margin of 
the hypural are very small and about one and one-half times as 
long as the hypural. The following measurements were taken: 


Length of the dorsal ramus. 130 

Length of the hypural . 15 


Enchodus sp. 

Figures 3, 4, and 5, plate II, represent a fragmentary speci¬ 
men which may prove to be a new species. It is No. 805. It is 
larger than any of the other American species yet described. 
The specimen consists of a portion of an opercular, a nearly 
complete supraclavicle, the caudal end of a dentary, and some 
very small fragments of the articular. The opercular was cov¬ 
ered externally with radiating tuberculate ridges. The caudal 
portion of this bone is broken away, but the impression (im) 
left in the chalk shows distinctly the ornamentation of the ex- 
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ternal surface. The supraclavicle (,s \cl) has about the same 
proportions as that of Enchodus petrosas (pi. V, sc Is) . Figure 
4 shows the fragments of the articular and the caudal ramus of 
the dentary in position. The broken lines indicate the outlines 
of the missing portions as represented in the impressions in 
the matrix. The dorsal ramus is narrow and quite stout. This 
portion does not send ventrally a thin plate of bone, but is dis¬ 
tinctly rounded on the ventral edge, which definitely distin¬ 
guishes this species from Enchodus petrosas Cope and En¬ 
chodus dir us Leidy. The following measurements indicate its 
large size: 


Length of supraclavicle. 150 

Length of mandible (estimated). 300 

Depth of caudal end of mandible. 75 


Knchodus dims Leidy. 

This species was first described in 1857. The type specimen 
is a portion of a dentary. A dentary, specimen No. 322 of this 
museum, was assigned to this species by Stewart (Stewart, 
1900). This specimen, though possessing the characters of 
the type, seems to belong to another species. The characters of 
the Stewart specimen are: base of dentary fang enlarged; 
cutting edge begins cephalo-cxtcrnally at the base, but passes to 
the front side by the time it has reached the extremity of the 
fang; mesio-caudal surface rounded and distinctly striated; 
cross section at the middle point is pyriform; foramen for the 
blood vessels supplying the fang at the ventral edge of the 
mesial side of the base; the teeth caudad to the fang slightly 
striate mesially; they are laterally compressed. A line drawn 
in the long axis of the cross section of any of these teeth would 
pass external to the fang. The external surface of the dentary 
has prominent ridges radiating from the symphysis. This last 
character was not mentioned by Stewart, and it seems not to 
have been a character of Enchodus dims Leidy. It seems that 
all of these characters except the last should be retained for 
E. dims, but since this dentary can not be distinguished from 
the dentary of specimen No. 803 (pi. Ill, fig. 9), which has 
fangs like the specimen (No. 198 of the American Museum), 
described by Hay as Enchodus ssevus (Hay, 1903), it will be re¬ 
ferred to the species to which that specimen belongs. Another 
specimen (No. 86 of this museum), a palatine complete with 
its fang, described and figured by Stewart as Enchodus doli- 
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chits, can not be identified with either the type specimen of that 
species, which is now before the writer, or with the specimen 
which Doctor Hay has described and figured as Enchodus doli - 
chits (Hay, 1903). A comparison of this specimen with the 
type and the other specimens of this species in the American 
Museum shows it to be at least four times as large as the pala¬ 
tines of that species. While size is not to be depended upon in 
all cases as a criterion, it seems to be important in this case. 
Since Enchodus doli elms has the external row of fine teeth on 
the dentary, and this specimen, No. 86, can not be distinguished 
from the palatine of another specimen in this museum which 
does not have the fine fringe of teeth on the external alveolar 
border of the dentary, it will be classed with the latter. The 
specimen referred to is No. 817. The dentary of this specimen 
possesses all of the characteristics that are given for Enchodus 
dints . Whether it is the same as the type or not will matter 
little, since a number of species have the same characters as 
those possessed by the type specimen of Enchodus dints , and 
it is hoped that this specimen will have enough definite char¬ 
acters to establish the species in a way that will facilitate the 
work of future systematists, instead of being a hindrance, as is 
always the case when new species are founded upon insufficient 
material. This specimen (pi. VI, figs. 3 and 4) differs from 
that described as Enchodus siccus by Doctor Hay, in not having 
any ridges on the external surface of the dentary; only slight 
traces of tuberculated ridges on the external surface of the 
articular; palatine fang laterally compressed and pyriform in 
cross section; the fang has only one cutting edge, which is 
situated in the median line in front. Other characters are: 
distinct grooves on the mesio-caudal surface of the fang; a 
deep groove on the premaxillary, beginning 3 mm. from the 
alveolar border and as far from the mesial edge, extending 
caudally, gradually drawing near the median line, so that 
20 mm. from the cephalic end of the premaxillaries the grooves 
are only 1 mm. from the mesial edge of the bon<\ The re¬ 
mainder of the external surface is neither ridged nor tuber¬ 
culated. The premaxillary teeth are 2 mm. long, very short for 
a specimen of this size. The premaxillaries are one-half as long 
as the mandibles. The ethmoid (fig. 3, eth) is composed of 
two stout beams, which are enlarged and firmly united at the 
cephalic ends, which, in turn, are flexed abruptly outwards, 
forming a pair of short processes, the long axis of the cross 
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section of which cuts the long axis of the beams at an angle of 
45°. Since the caudal edge of these processes is ventral, and 
the grooves on the dorsal side of the palatines are very nearly 
at right angles to the palatine fangs, it is plain that when the 
processes are in place in the grooves on the palatines the long 
axis of the fangs will make an angle of 135° with the long axis 
of the ethmoid, and hence the dorsal surface of the skull, since 
these coincide. In plate VI, figure 3, etli, the broken line from 
eth points to the base of the process which articulates with the 
right palatine. The maxillary (fig. 3, rax) is shown almost 
complete in the same figure. It is enlarged at the cephalic end 
and sends a process upwards, which in all probability met its 
fellow of the opposite side in the median line. The caudal half 
of this bone is a slender bar reaching to the caudal end of the 
dentary. The palatine could not be distinguished from that of 
Enchodus pctrosus were it not for the fang, which has a differ¬ 
ent shape. The palatine and dentary fangs are bent forward 
at the apex. The teeth of the pterygoid and dentary are all 
flexed backward about one-third their distance from the bases, 
and forward again near their apices. This bending is slight, 
but easily observable. The metapterygoid and mesopterygoid 
are represented. The former is shaped much like that of En¬ 
chodus amicrodus (pi. X, fig. 3). The preopercular is expanded 
at the ventral end and tapers to a point at the dorsal end. The 
ventral end is marked distinctly by radiating ridges. Encho¬ 
dus dirus differs from Enchodus amicrodus in not having dis¬ 
tinct tuberculated ridges on the external surface of the den¬ 
tary; the ratio of the diameter of the palatine fang to its 
length is more than twice as great as that of Enchodus amicro¬ 
dus, i. e., the palatine fang of Enchodus amicrodus is only one- 
fourth as stout as that of Enchodus dirus, the fang of the 
former being slender, straight, and fluted mesio-caudally. 

The preopercular is in position. The hyomandibular fits 
into a deep groove on its cephalic border. There is a cone- 
shaped process on the cephalic border near the ventral end, 
which fits into a deep groove on the caudal edge of the quad¬ 
rate. Only the cephalic edge of the opercular is present. The 
subopercular is almost complete. It has numerous ridges radi¬ 
ating from the point of articulation with the hyomandibular. 
The relation of the premaxillary to the palatine is well shown 
in the left view of this specimen. (See pi. VI, fig. 4.) The 
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swollen portion of the palatine lies in the concavity on the 
mesial surface of the premaxillary. There is a bone shown in 
the left view (fig. 4, c) which may be a portion of the cera- 
tohyal. It is narrow at the ventral end and gradually widens 
dorsally. About one-third the length from the ventral end it 
divides into two parts. While passing under the ventral mar¬ 
gin of the articular it splits into eight narrow scrips. These 
are somewhat broken. Their dorsal ends extend under the 
caudal end of the dorsal ramus of the left dentary. Fifteen 
branchiostegal rays are present. The species is larger and 
the bones are relatively much stouter than in Enchodus 
dolichus, and it is unlike E. dolichus in having no fringe of 
minute teeth on the external alveolar border of the dentary. 
The following measurements were taken : 


mm. 

Length of mandible . 185 

Length of maxillary . 110 

Length of preopercular . 105 

Length of premaxillary . 75 

Length of dentary fang . 12 

Length of palatine fang (estimated). 17 

Greatest diameter of palatine fang at middle. 6 

Greatest diameter of dentary fang at middle. 4.5 

Depth of caudal end of mandible. 45 


Enchodus ainicrodun Stewart. 

The type of this species is a single dentary, described and 
figured in the University Geological Survey of Kansas, vol. VI, 
pp. 378-379. The characters given are as follows: absence 
of the row of minute teeth on the alveolar border of the den¬ 
tary; the dentary is shallow, and supports nine large teeth, 
the cephalic one being slightly recurved at the apex; and the 
“base does not seem to be expanded” as in some of the other 
forms; external surface of the fang not striated. This species 
was represented by the type specimen only, which, unfortu¬ 
nately, has been lost. However, numerous other specimens 
have been found since which appear to be the same species, 
and from these it is to be hoped that the species may be put 
upon a firm basis. It seems best to make a cotype of the most 
complete of these specimens. This one is shown in plate X, 
figure 3. It is No. 379. 

Such differences as are found between the skull of this 
species and that of Enchodus dolichus, in so far as the sped- 
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mens at hand indicate, could easily fall within the limits of 
normal variation. The contour of the skull, as indicated by 
line c-c, taken at the line s-s, is very similar to the contour of 
Enchodus dolichus, at the same place (pi. XI, fig. 1). The ab¬ 
sence of the minute fringe of teeth on the external alveolar 
border of the dentary is the definite character which separates 
this species from Enchodus dolichus and Enchodus shumardi. 
It is about the size of the former, and the skull is about twiee 
the length of the skull of the best specimen of Enchodus 
shumardi (pi. XV, fig. 1). The palatines are very nearly in 
position, but the fangs are turned outward. Both display the 
mesial aspect. The deep groove in which the ethmoid (eth) 
articulates is shown in the right palatine just cephalad to the 
letters pal. It runs very nearly parallel to the ventral sur¬ 
face of the palatine, and its cephalic end is in line with the 
palatine fang. This groove and its fellow of the opposite 
bone receive the short lateral processes on the cephalic end of 
the ethmoid. The latter is complete in this specimen and is 
represented in the figure. The relation of the ethmoid to the 
palatines is better understood from inspection of plate VIII, 
where a dorsal view of the corresponding elements of one of 
the larger species is represented. This figure shows these 
bones in position. The left palatine of the cotype of 
E. amicrodns has the fang broken off at the middle. This pala¬ 
tine is attached to the pterygoid caudally. The palatine fangs 
are very straight, slender, and fluted mesio-caudally. They 
are compressed laterally, with a cutting edge in front. The 
short cephalo-dorsal processes over the bases of the palatines 
are at unequal distances from the base of the fangs, the 
process on the right palatine being four millimeters and that 
on the left palatine six millimeters from the base of the fang. 
The dentary fang is distinctly grooved mesially. The other 
teeth are only slightly grooved on this surface. The pterygoid 
teeth have their external surfaces slightly striated. The den¬ 
tary is marked externally with definite rows of small tu¬ 
bercles, which radiate from the symphysis. That the sym- 
physial portion of the dentary was tuberculated also is shown 
by the impression of the left dentary in the matrix. The 
metapterygoid and mesopterygoid are both represented. The 
right metapterygoid is complete but not in position. The left 
metapterygoid, which was exposed to view by removing a por- 
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tion of the chalk from the opposite side of the specimen, is in 
position relative to the left pterygoid (pt'). The position of 
the left metapterygoid, underneath the right pterygoid and 
caudal end of the left dentary, is indicated by the broken line 
which encloses an area in the figure the same shape and size 
as the right metapterygoid (mt ). The mesopterygoid is also 
in position relative to the metapterygoid and pterygoid. The 
articular is characterized by definite rows of small tubercles 
radiating from the cotylus. The shape of the preopercular is 
shown in plate X, figure 1, pop. No radiating ridges are to 
be seen on the expanded portion of this bone in any of the 
specimens, but they were probably present, as so many of the 
other bones display this character. This element is poorly 
shown in the cotype. The left ceratohyal (ch) is fragmentary, 
displaying no definite character. A portion of the right cera¬ 
tohyal (ch') is present. It lies just to the right of the oper¬ 
cular in the figure. The epihyal is attached to the caudal end 
of it, and lies beneath the right metapterygoid. The broken 
line across the lower part of the right metapterygoid indicates 
the outline of the dorso-caudal edge of this element. (Cf. 
pi. XIII, fig. 1, eh; pi. XIII, fig. 3, ch; and pi. XI, fig. 2, eh.) 
The opercular is strongly marked externally with radiating 
tuberculated ridges. None of the specimens of this species 
shows an external view of an opercular, but the specimen lep- 
resented in plate X, figure 1, shows the impression of the ex¬ 
ternal surface of both the opercular and the subopercular, in 
the matrix. This indicates that they were both decorated with 
distinct rows of tubercles radiating from the points of sus¬ 
pension. • The ventral margin of the opercular is concave, the 
curvature being quite regular. This margin is present in both 
figure 1 and figure 3. The mesial surface is smooth, except 
for the stout bar which is present in all of the species. The 
opercular is in position relative to the subopercular in fig¬ 
ure 1. The interopercular is also decorated with numerous 
tubercles, but they are very irregularly arranged. The sus¬ 
pensory pharyngeal (s) is lying across a preopercular just to 
the right of the metapterygoid in the figure of the cotype. 
This bone is equal in length to the width of the ethmoid just 
caudal the cephalic processes. The larger end has nearly twice 
the diameter of the smaller, and the middle is slightly con- 

4-UnIv. Sci. Bull.. Vol. VII, No. 2. 
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stricted. The diameter of the larger end is equal to the great¬ 
est diameter of the palatine fang near the base. The quad¬ 
rate is very similar to that of other species. The basioccipital 
and the exoccipitals share equally in the formation of the oc¬ 


cipital condyle. 

Measurements: 

mm. 

Width of skull across sphenotics . 45 

Width of skull across ptorotics . 39 

Width of the shallow depression on dorsal surface of the skull 

along 1 the line . 17 

Width of the occipital condyle . 8 

Greatest depth of the palatine. 11 

Greatest diameter of the palatine fang at middle. 2.5 

Length of the palatine fang . 18 

Greatest width of the ethmoid . 12 

Length of the dentary . 90 

Estimated depth of the dentary. 25 

From the articulation of quadrate to palatine fang. 90 

Length of the articular . 65 

Greatest depth of the articular . 22 

Length of the suspensory pharyngeal ... 8 


Specimen No. 51, represented in plate X, figure 1, shows 
the teeth of the right dentary, except the fang, nearly com¬ 
plete. The second and fourth of these have their points 
broken off. The external surface of the dentary is exposed. 
Most of the symphysial portion is missing, but the impression 
left in the matrix indicates that the fang was strongly grooved 
mesially. The opercular and subopercular have retained their 
position relative to each other, but have been moved backward 
and upward from their position relative to the preopercular. 
Their characters have received attention in the discussion 
above of the cotype (No. 379). The dentary has been reversed. 


Measurements: mm 

Length of the dorsal edge of the dentary . 85 

Length of the dental fang . 13 

Length of third tooth caudad to the fang . 8 

Depth of the mandible at the caudal end . 27 

Caudo-cephalic measurement of the opercular . 37 


Specimen No. 812, shown in plate X, figure 2, displays the 
mesial view of the alveolar border of a dentary, a pair of 
palatines without fangs, a pair of pterygoids, and a pair of 
quadrates. The bases of the teeth are swollen much the same 
as in other species. The statement in Stewart’s description 
of the type, that the base of the dentary fang “does not seem 
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to be expanded,” is easily explained by the fact that only the 
external surface of the type was exposed, and the bases of the 
teeth of the dentary can not well be observed from the ex¬ 
ternal view, because the outer margin of the alveolar border 
is elevated, forming a thin lamina of bone. (See pi. X, fig. 3, 
den). The cephalo-dorsal processes over the bases of the 
fangs are at unequal distances from the bases of the fangs, 
and the process on the left palatine is considerably larger. 
The process over the left fang is four millimeters from the 
base, and that of the right palatine is five. The larger size 
of the process on the left palatine may be due to the absorp¬ 
tion of the osteodentine of the cephalic end, between the 
process and the base of the fang, preparatory to the depo¬ 
sition of osteodentine that is to form the base of a new fang. 
This explanation is suggested by the appearance of a median 
section of a larger species, possessing a similar process over 
the base of the fang (pi. VII, fig. 17). The grooves on the 
mesio-dorsal surface of these palatines for the reception of 
the lateral processes of the ethmoid are somewhat larger and 
longer than in the cotype. The figure represents the palatines 
relatively more slender also, but this is due to the position 
they occupy and to some extent to compression. 

Measurements: 

mm. 

Depth of the palatine at the middle of the dorsal fossa for the articu¬ 


lation of the ethmoid . 9 

Width at the same place . 7 


Other fragmentary specimens of this species in the collec¬ 
tion are: No. 813, two dentaries; No. 55, two dentaries and 
one articular; No. 53, portions of toothed elements, probably 
dentaries; No. 811, an articular and dentary. 

Encliodus do Helms Cope. 

This specimen is represented in the collection by thirteen 
specimens, figured in this paper, and one pair of dentaries, 
No. 815, not figured. It is distinguished from the pe^ro. sub¬ 
group by the presence of the fringe of minute teeth on the ex¬ 
ternal alveolar border of the dentary, and from Enchodus 
shumardi by its much larger size, opaque bones, and the teeth 
relatively less slender. After a careful comparison of all of 
these specimens with the type specimen of Enchodus dolichus 
Cope, No. 1820, and with the specimen of Enchodus dolichus, 
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No. 1837, and Enchodus gladiolus Cope, No. 1818, all three of 
which are in the American Museum, I am convinced that they 
are of one species. The only definite point of difference that 
can be observed is the more prominent grooving of the pala¬ 
tine fang of the Enchodus gladiolus specimen. That such a 
character as this does not merit so much consideration is proved 
by the fact that equally as great variations as these are con¬ 
stantly met with in the study of the other specimens. The two 
large palatine fangs represented in plate III, figure 1, are from 
different specimens of the same species but the grooves on the 
right palatine are very prominent while those on the left 
palatine are very low and broad. They have all the appearance 
of having been worn down. The compression in each of the 
fangs is identical, being much the same as in the American 
Museum specimen, No. 198, described as Enchodus sievus by 
Doctor Hay (Hay, 1903). Such differences as these may be 
explained in part by the difference in the age of the individuals, 
but probably to a greater degree by the difference in the age 
of the teeth. Aside from this, there is great normal variation 
observable in the genus which is assignable to no definite cause. 
An illustration of this is to be seen in the pair of fangs re¬ 
ferred to. The left palatine (upper figure) has two distinct 
grooves on the mcsio-dorsal surface, the caudal one of which 
is for the articulation of the ethmoid. The two grooves an* 
separated by a ridge of bone ( r). No such ridge occurs in the 
right palatine (lower figure), and the groove is as large as that 
of the left bone would be if the ridge were not present. Such 
dissimilarities are frequent even in paired bones. In plate III, 
figure 2, there is to be seen a depression on the cephalic end of 
the right palatine just above the base of the fang. It could 
not be determined to which species several of the specimens in 
this collection belong on a basis of the grooves on the palatine 
fangs, as this character varies from almost imperceptible 
striations to grooves as distinct as those found on the palatine 
fang of the specimen of Enchodus gladiolus, No. 1818, of the 
American Museum. This difference alone is wholly insufficient 
as a specific character. 

The best specimen of Enchodus dolichus in the collection is 
No. 814, figured in plate XI. It consists of a very complete 
skull with six vertebrae attached, and a fine pair of pectoral 
fins. The dorsal surface of the skull is so much like that of 
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Enchodus amicrodus that without other elements present it 
would be difficult to distinguish them (cf. pi. X, fig. 3). The 
palatine fangs are not shown in the figure. They are covered 
by the premaxillaries, but one fang may be seen in the speci¬ 
men. It is broken near the middle, showing it to be laterally 
compressed, with a cutting edge in front. The premaxillary 
is well preserved. The alveolar border of it is three-fourths as 
long as the alveolar border of the dentary. The premaxillary 
teeth of this species are relatively more than twice as long 
as those of Enchodus dims (cf. pi. VI, fig. 3). The dentary 
has a few ridges radiating from the symphysis; the articular 
has numerous slightly tuberculated ridges radiating from the 
cotylus. The minute teeth on the external alveolar border of 
the dentary are one-half as long as the premaxillary teeth. 
In this specimen this row of minute teeth on the dentary is 
not interrupted as it passes the dental fang. The small teeth 
on the symphysial portion of the dentary are broken off, but 
their positions are easily determined by the bases, which are 
plainly visible (fig. 1, den). This is true of the specimens 
figured in plate XIII, figure 2; plate XIV, figure 2; and plate 
XV, figure 10. But the dentary, No. 57, figured and described 
by Stewart as Enchodus dolichus (Stewart, 1900), has no teeth 
external to the base of the dental fang, there being a space of 
five millimeters where there are no small teeth. The pair of 
dentaries, No. 815, not figured, has two small teeth external 
to the base of the left fang. Thus this character seems to be 
subject to considerable variation in this species, and has little 
or no value as a specific character. The opercular has many 
large, irregular ridges radiating from the point of attachment 
to the hyomandibular. These ridges become more regular, 
smaller, and tuberculated, on their distal fwo-thirds. Nearly 
the whole of the subopercular is covered with small, even-sized, 
tuberculated ridges radiating from the point of attachment to 
the opercular. These become less numerous, larger, and less 
tuberculate near the dorsal and ventro-cephalic edges of the 
bone. A small area, averaging five millimeters in width, along 
the ventro-cephalic edge of the bone is smooth. The stout, 
tapering bar on the mesial side of the opercular is shown in 
figure 2. The epihyal (fig. 2, eh) is very thin at the cephalic 
end, and thickens caudally. On the caudo-dorsal edge is a 
knob for the articulation of the interhyal. This latter element 
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has not been observed in any of the specimens. The epihyal 
is represented in several of the other specimens: plate XIII, 
figure 1, eh; also figure 3, ch; and in the American Museum 
specimen, No. 1837. In Doctor Hay's description of this speci¬ 
men he speaks of this element as an opercular (Hay, 1903). 
There were then no specimens of this species, with the oper¬ 
cular present, in the American Museum. The ceratohyal (pi. 
XI, fig. 2, ch) is lying in position relative to the epihyal. With 
the exception of the hyomandibular (fig. 1, lim), the remain¬ 
ing elements of the hyoid series have not been observed in 
any of the specimens. The left post-temporal is lying just 
caudad to the skull, not quite in position. A portion of the 
supraclavicle is attached to the caudal end of this bone. The 
other post-temporal, shown in figure 3, is attached to the dorsal 
end of the supraclavicle (scl). In figure 1 the left post-tem¬ 
poral seems to have been moved from its natural position to¬ 
ward the median line of the skull. In all probability the nar¬ 
row cephalic end should lie directly over the left epiotic, and 
the slender process (fig. 1 , p) should attach to the mesial sur¬ 
face of the left pterotic. Since no supratemporal has been ob¬ 
served in so complete a specimen it would seem that this ele¬ 
ment may not occur in Enchodus dolichus. The supraclavicle 
is not quite complete in this specimen. (A complete one is 
shown in plate XIII, figure 1, scl). This bone attaches to the 
dorsal process of the clavicle (fig. 3, cl). It probably over¬ 
lapped with the clavicle about one-half its length. The length 
of these suspensory bones indicates that the pectoral fins were 
very close to the head, and that Enchodus dolichus was not so 
deep in the region of the pectoral fins as Enchodus petrosus. 
(Compare the supraclavicles of this species with those of the 
specimen shown in plate V, scls.) Plate II, figure 3, shows the 
supraclavicle of an undetermined species. This is much longer 
relatively than the supraclavicles of Enchodus dolichus. The 
pectoral girdle and fins are very complete. Plate XI, figure 3, 
shows the dorsal aspect with all parts below the supraclavicles 
in position. The shape of the clavicle is best seen in another 
specimen (pi. XIII, fig. 3, cl). The hypercoracoids (he) are 
complete. They are semilunar in outline, the straight edges 
having been directed caudo-dorsally in life. The ventral edve 
joins the hypocoracoid and the dorsal wing is free. Near their 
ventral border is a large oval foramen. Caudo-dorsally from 
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the foramen, on the somewhat thickened edge, is a facet for 
the articulation of the first large pectoral ray. The cephalic 
edge unites firmly to the mesocoracoid and the clavicle. A 
prominent ridge begins just dorsad to the foramen and pro¬ 
ceeds nearly cephalad across the suture between the hyper¬ 
coracoid and the mesocoracoid, and, gradually diminishing, 
disappears at the cephalic edge of the mesocoracoid. The 
cephalic end of this ridge is as near to the median line as is the 
mesial edge of the large oval foramen of the hypercoracoid. 
The mesocoracoid (me) is a much smaller bone, which joins 
the hypercoracoid on the cephalic edge, and its dorsal edge is 
firmly united to the clavicle along the line of the ridge men¬ 
tioned above. The ventral edge is free. The hypocoracoids are 
both slightly broken at both ends. A more complele one is 
shown in plate XIII, figure 1, hco . The figure of the specimen 
under discussion shows, by means of broken lines, the outlines 
of these bones, as determined by their impression in the matrix. 
The ventral margins of these elements are flexed abruptly 
outward and then inward, which gives them the appearance of 
having a groove along the mesial edges. These edges are ex¬ 
tended cephalad, ending in narrow points near the median 
line. The caudal ends are broad, rounded, and directed slightly 
away from the median line. The middle portion of each hypo- 
coracoid is raised, 1 forming a very flat cone with a rounded 
apex. Two-thirds of the distance from the apex to the cephalic 
border in each bone is an oval foramen whose diameter is 
equal to one-third of the diameter of the foramen in the hyper¬ 
coracoid. Three actinosts are present. These articulate with 
the margin of the hypocoracoid ,iust caudad to the hyper¬ 
coracoid. The fin rays are finely divided distally and are 
wholly unsegmented. 

The measurements of this specimen are: 


Length of skull . 150 

Width of skull across sphenotics . 70 

Width of skull across pterotics. 60 

Length of the mandible . 145 

Length of the minute teeth of the dentary. 2 

Length of the premaxillary teeth. 4 

Caudo-cephalic measurement of the opercular. 92 

Estimated length of the clavicle. 90 

Length of the hypocoracoid. 90 

Length of the hypercoracoid . 30 

Width of a pectoral fin at the middle. 80 
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A much less perfect specimen of this species is No. 174, 
represented in plate XII, figure 2. It is about two-thirds as 
large as specimen No. 814, discussed above. The palatine and 
dental fangs are plainly grooved mesially. The large teeth 
of the dentary display almost imperceptible striations. The 
palatine fangs are relatively more slender than those of speci¬ 
men No. 814. There is a cephalo-dorsal process, very similar 
to that of the specimen shown in plate VII, figure 17, over 
the bases of the palatine fangs. The dentaries appear to be 
relatively deeper than in the specimen described above, but 
this is due to the fact that these dentaries are nearly complete, 
while in the above specimens both dentaries have their ventral 
margins broken off, and the right one is considerably crushed 
dorso-ventrally. Unfortunately both operculars present the 
mesial surface. They are very thin at the edges, so that the 
ridges on the external surface show through. The cephalic 
end of the subopercular is present, showing the numerous 
small radiating ridges on the external surface. The para- 
sphenoid is more nearly complete in this specimen than in any 
of the others in the collection. There is a deep median dorsal 
groove near the broad caudal end. This gradually disappears 
as it approaches the middle of the bone, and is replaced on the 
cephalic half by a distinct median ridge. The bone is nar¬ 
rowest at a point near the middle, gradually becoming broader 
cephalad. It is just twice as wide at the cephalic end as it is 
in the middle. The bone marked mt can not be certainly iden¬ 
tified. It differs from the metapterygoid of specimen No. 814 
in having the concave portion of the margin not a part of a 
circle, as is the case with that specimen. This bone can not 
be certainly identified until more specimens have been col¬ 
lected. If it should be a metapterygoid this specimen could 
not be Enchodus dolichns. However, it seems best not to 
establish a new species for this specimen so long as there is 
any possibility of it belonging to Enchodus dolichus . min 


Length palatine fang. 12 

Length dentary fang. 9 

Length articular . 55 

Length of alveolar border of dentary. 60 

Length of parasphenoid (estimated). 60 

Length of clavicle. 55 

Greatest depth of dentary. 17 

Greatest depth of articular. 18 

Oephalo-caudal measurement of opercular. 33 
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The dentary shown in plate XII, figure 1, specimen No. 820, 
has a relatively shorter fang, the other large teeth much closer 
together, and the stout mesial bar-like portion just ventral to 
the alveolar border, proportionally much deeper dorso-ven- 
trally than the corresponding part of the dentary in specimen 
No. 174. This last characteristic appears to be due to com¬ 
pression, and the arrangement of the teeth is probably only a 
variation. 

Measurements: 


Length of the fang. 15 

Average diastema . 4.5 


Specimen No. 831, shown in plate XIV, figure 1, represents 
an individual which was about one-fifth as large as the speci¬ 
men first described, No. 814. Only the left palatine, the right 
articular, the caudal end of the skull, and an undetermined 
bone, represented. The palatine shows the cephalo-dorsal 
process over the base of the fang. The ventral surface of the 


skull is exposed. 

Measurements: 

mm. 

Length of palatine fang. 7 

Length of articular. 44 

Greatest depth of the articular. 15 

Width of the skull at the sphenotics. 

Width of the caudal end of the skull. 25 


Specimen No. 821, shown in plate XIV, figure 2, is about 
one-third larger than No. 831. It is very fragmentary. 
Enough of the proximal end of one of the palatine fangs is 
present to show that they were distinctly grooved. 

Measurements: 

Greatest depth of the articular. 19 

Length of alveolar border of dentary. 65 

Length of dentary fang. 1° 

Length of premaxillary. 39 

Specimen No. 808, shown in plate XIII, figure 1, is disarticu¬ 
lated, and thus displays clearly the shape of several elements 
not so well exhibited in the other specimens The supra- 
clavicle, epihyal, subopercular, hyper- and hypocoracoids, are 
very nearly perfect. The ethmoid is attached to the frontals 
caudally. The bone labeled bs has its upper concave surface 


5—Univ. Sci. Bull., Vol. VII, No. 2. 
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pitted as though it had borne many small denticles. It is 
probably one of the basibranchials. The vertebrae are irregu¬ 
larly grooved laterally and constricted mesially. The proximal 
third of both pectoral fins is present, but dissociated. The 
laterally compressed palatine fang is lightly striated mesio- 
caudally and has the cephalic cutting edge unusually sharp. 
The caudal end of the skull is present, but badly crushed. The 
small supra-occipital crest is preserved entire. 


Measurements: 

nun, 

Width of the caudal end of the skull. 60 

Length of the supraclavicle. 70 

Length of clavicle. 75 

Length of palatine fang. 23 

Length of alveolar border of the dentary. 120 

Length of hypocoracoid. 80 

Length of centra. 15 

Length of the dentary fang. 17 


Specimen No. 816, plate XIII, figure 2, represents a pair of 
mandibles, fragments of the palatine, pterygoid, and quadrate. 
It displays no dissimilarity from specimen No. 814, described 
above, except that it is somewhat smaller. 

Length of the mandible. 135 mm. 

Specimen No. 819, plate XIII, figure 3, is disarticulated and 
very fragmentary. The epihyal (ch) is complete. This speci¬ 
men is the same size as specimen No. 808, plate XIII, figure 1. 

Specimen No. 810, plate XIII, figure 4, represents a pair of 
palatines, a pterygoid, and a quadrate. Only one of the pala¬ 
tine fangs is present, exposing the outer surface, which is 
quite smooth. 

Measurements: 

mm. 

Distance from the caudal edge of the quadrate to the cephalic end of 


the pterygoid. 80 

Longest tooth on the pterygoid. 12 

Length of the palatine fang. 16 


Specimen No. 832, plate XV, figure 12, represents a pair of 
complete palatines, a premaxillary, and a fragmentary left den¬ 
tary. These remains are from a much smaller individual than 
those just considered. The fangs are grooved on the caudal 
surface. The specimen is unique in having the dental fang as 
long as the palatine fang. The dental fang is distinctly 
grooved mesio-caudally, and the other large teeth of the den¬ 
tary are minutely striated mesially. The small teeth on the 
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external alveolar border of the dentary are relatively longer 
and more slender than usual. 

Measurements: 


Length of palatine fang. $ 

Length of premaxillary. 30 

Length of alveolar border of the dentary. r>2 

Length of dentary fang. 8 


No. 827, plate XV, figure 11, is a fragmentary specimen, 
consisting of a pair of palatines, pterygoid, subopercular, por¬ 
tion of a preopercular, a premaxillary, a quadrate, and the 
symphysial portions of the dentaries. This specimen has the 
caudal end of the pterygoid complete and not attached to the 
quadrate. It has on the dorsal surface, five and one-half milli¬ 
meters from the caudal end, a very thin lamina extending 
dorso-caudally. The premaxillary is also complete. It is 
unique in possessing on the external side a row of very minute 
processes, which appear to be denticles. The row begins three 
and one-half millimeters from the cephalic end of the bone and 
one millimeter from the alveolar border, and extends caudally 
parallel to this edge. The row is three millimeters long. This 
character has not been observed on any of the other specimens 
of Enchodtis. Whether it has any specific value can not now 
be determined. Since the specimen is small, and possibly a 
young individual, it is thought best not to attach much impor¬ 
tance to the presence of these inconspicuous processes. The 
specimen may prove to be distinct, but it has been considered 
here because the other characters would indicate that it is 
Enchodnn dolichm. The dentaries have the characteristic ex¬ 
ternal row of minute teeth and the ridges radiating from the 
symphysis. The palatine fang is somewhat more slender and 
straighter than the fang of the American Museum specimen 
No. 1837, described by Doctor Hay in 1903. 


Measurements: mm 

Length of the. palatine fang. 10 

Length of the dentary fang. 7 

Length of the premaxillary. 27 

Greatest depth of the premax.llary. 6.5 


Specimen No. 156 is a single mandible, which is represented 
in plate XV, figure 10. It differs from the mandible of speci¬ 
men No. 174 in having a few more radiating ridges on the ex¬ 
ternal surface of the dentary. Only four large teeth remain 











104 KANSAS UNIVERSITY SCIENCE BULLETIN. 

caudal to the fang. The row of minute teeth is continuous 
past the fang. 

Measurements: 


Length of the mandible. 57 

Length of the dentary fang. 9 

Length of the four other large teeth. 4.5 

Depth at the caudal end of mandible. 12 


The following table gives the comparative lengths of the 
palatine fangs of several of the specimens of Enchodus dolt - 
chits . Although the ratio of the lengths of the fangs to the 
other measurements varies, the variation is within narrow 
limits, so that the sizes of the specimens are nearly propor¬ 


tional to the lengths of the fangs. 

No. 831, plate XIV, figure 1. 7 

No. 832, plate XV, figure 12. 8 

No. 821, plate XIV, figure 2. 10 

No. 827, plate XV, figure 11. 10 

No. 174, plate XII, figure 2. 12 

No. 810, plate XIII, figure 2. 16 

No. 808, plate XIII, figure 1. 23 

No. 814, plate XI, figures 1, 2, and 3, (estimated).. 23 


Enchodus slittinardi Le dy. 

Enchodus shumardi , the smallest species of the genus, is 
represented in the collection by thirteen specimens. The best 
of these is the skull shown in plate XV, figure 1, specimen No. 
829. This specimen shows the shape of the head, the protrud¬ 
ing mandible, and several other characters heretofore un¬ 
known. The premaxillary, ceratohyal, branchiostegal rays, 
and ethmoid do not lie in position. The ethmoid lies four 
millimeters directly above the deep groove, on the dorsal side 
of the palatine, in which it articulates. Only a slender portion 
of the margin of the left frontal remains to connect the 
ethmoid with the caudal elements of the skull. The premaxil¬ 
lary is reversed. 

The palatine in only three-fourths as long as the palatine 
fang. The pterygoid in this specimen has no teeth. It is 
very probable that the tooth border has been broken off of 
this bone, but this can not be determined. The bones are very 
delicate, and excepting such parts as the palatine, alveolar 
borders, and points of articulation, are as thin as paper. The 
ventral border of the dentary is extended into a thin plate, 
the cephalic end of which is just under the palatine fang. 
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This character is not to be found on any of its other specimens. 
It is probably only a variation. The fringe of fine teeth on 
the external alveolar border of the dentary is present. The 
small size is shown by the following measurements: 


Estimated length of the-skull. 50 

Length of the mandible. 38 

Greatest depth of the mandible. 10 

Length of the palatine fang. 7 

Length of the dentary fang. 6 


Specimen No. 82*3, represented by figure 2, plate XV, fur¬ 
nishes only one valuable character, the shape of the ventral 
end of the preopercular. The dorsal end is broken off. The 
other two bones are of no value. 

mm. 

Greatest width of the preopercular. 9 


Figure 3, plate XV, shows a complete dentary. The speci¬ 
men number is 824. The ventral border is quite different from 
that of figure 1, being less prominent. Measurements are as 
follows: 


Greatest depth . 7 

Length of dentary fang. 3 

Length of alveolar border. 27 


Figure 4, plate XV, specimen No. 321, shows the dentary 
described by Stewart as Enckodm parvus. (Stewart, 1900, 
p. 192.) The mesial aspect is shown. By removing the chaik 
from the other side the external row of fine teeth was dis- 


Length of the alveolar border . 25 

Length of the dentary fang. 2.5 


Figure 5, plate XV, is a mesial view of another fragmentary 
dentary, having a crooked fang. The specimen number is 825. 
The shape of the fang is probably due to compression. The 
external row of fine teeth is well shown on the caudal half of 
the tooth border, but they have been broken off on the cephalic 
half. Only the fang and one other of the large teeth are 
present. The fang is strongly grooved mesially. The fine 
teeth are unusually long. mm . 

Length of tooth border (estimated). 39 

Length of dentary fang. 7 

Length of the fine teeth. 1-3 

Figure 6, plate XV, represents a specimen, No. 826, which 
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has been bent upward at the cephalic end. The fang is entire, 
but the other teeth have been broken ofF. The bases of four 
of them remain. The fine teeth are very short in this specimen. 


Length of tooth border. 35 

Greatest depth of the dentary. 8 

Length of the dentary fang. 4.5 

Length of the fine teeth. 0.9 


Figure 7, plate XV, represents specimen No. 323, the larg¬ 
est specimen of this species in the collection. Only the ce¬ 
phalic end of the dentary is present. Four small teeth occur 
on the external alveolar border in front of the fang. One is 
broken, but the remaining three are one-third as long as the 


Length of the dentary fang. 9 

Length of the teeth in front of the fang. 2 


Figure 8, plate XV, shows specimen No. 838, a much 
smaller palatine, with its fang. The angle that this palatine 
makes with its fang is 140°. A portion of the pterygoid ad¬ 
heres to the caudal end of the palatine. 

r mm. 

Length of the palatine fang. 4 


Figure 9, plate XV, represents a palatine complete with its 
fang, which very probably belongs to this species. It is 
No. 828. The palatine is not quite half as long as the fang. 
The angle that the palatine makes with the fang is about 150.° 
It is probably from a young specimen, since the length of the 
palatine would indicate that the fang had not been replaced 
many times. 

u mm. 

Length of the fang. 6 


There is much variation in the size of this species. Thi3 
is well shown by a comparison of the lengths of the dentary 
fangs. The lengths of several of these fangs are as follows: 


Fig. 4, specimen No. 321 
Fig. 3, specimen No. 824 
Fig. 6, specimen No. 826 
Fig. 1, specimen No. 829 
Fig. 5, specimen No. 825 
Fig. 7, specimen No. 323 


mm. 

. 2.5 
. 3 
. 4.5 
. 6 
. 7 
. 9 


The generic names designated in the bibliography are now 
generally considered to be synonymous. They are thus given 
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although complete verification by the author has been impos¬ 
sible because of the inaccessibility of some of the publications 
and the meager accounts furnished in others. 
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IMnCf XVIII. 

(Contribution from th«* Zoological Laboratory, No 202 .) 

R ECENTLY, in looking over some stored fossils, Mr. H. T, 
Martin, of the University of Kansas Museum, found along 
with some vertebrates a small series of fossil shells from Long- 
Island, Kan. The vertebrates were collected by E. P. West, 
and it is probable that the shells were also collected by him, 
although there was no name on the label. An opportunity to 
study this material was given the writers by Prof. C. E. Mc- 
Clung, to whom we are duly thankful. In regard to the topog¬ 
raphy and history of the region Mr. Martin was able to give 
much interesting information. 

A hurried examination of this material showed that it be¬ 
longed to a fauna essentially different from that which lives at 
the present time not far distant from Long Island, in localities 
where collecting has been done. Most of the Long Island 
species were not represented in our collections from points 
nearer than northern United States. 

In order to obtain a more complete series ot the shells and 
data in regard to the horizon in which they occur, a trip was 
made to the region in October, 1910. We started at Norton, 
twenty-five miles southwest of Long Island, and descended 
Prairie Dog creek to that point. Recent shells were collected 
along the route and fossils at many railroad cuts and exposures 
along the creek. The white Miocene rocks capping the hills 
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were also examined for shells. At Long Island, along the creek 
bank, is an especially good exposure of Pleistocene. The Mio¬ 
cene of the locality is famous for its vertebrates. 

As three faunas are represented in the one locality, it is well 
to consider them separately. 

RECENT MOLLUSKS OF THE REGION. 

The living mollusks of the locality belong to that fauna des¬ 
ignated by the U. S. Biological Survey* as Upper Sonoran. 
As to shells, this fauna is characterized not so much by the de¬ 
velopment of peculiar species or subspecies as by the absence 
of a very large proportion of species belonging to the Carolin¬ 
ian zone to the eastward. West of the Mississippi river these 
species gradually fade out, some species and groups not ex¬ 
tending as far as others. If the westward limit of the most 
characteristic of Carolinian shells, the large toothless Poly- 
gyras, be used for the boundary between the Carolinian and 
Upper Sonoran zones, we find the Carolinian extending only 
as far west as the vicinity of Topeka, Kan. This is somewhat 
to the eastward of the boundary as plotted on the faunal map. 

Phillips county, lying far west of this, is wholly beyond the 
influence of the Carolinian zone, and its fauna is typically Up¬ 
per Sonoran. This zone and fauna extends northward almost 
to the northern boundary of the United States, beyond which 
lies the transition realm; between these two there is little in¬ 
termingling, the latter being characterized by a large number 
of specialized species. 

Mollusks are not abundant in the Upper Sonoran, and belong 
chiefly to the groups of small species; the Succineas are the 
largest of the region. Each group, as a rule, has a different 
habitat, but a favorable locality for many species is along the 
base of the crumbling Miocene ledges at the tops of the hills. 
Trees and shade are confined to the very banks of the creeks, 
but many shells can be found on the bare prairies about the 
bases of grasses, brush and cactus, where this is present. 

The streams are almost destitute of shells. This is doubtless 
due to their sandy character and the fact that they go dry in 
some seasons. Occasional deep holes in Prairie Dog creek are, 
however, favorable for bivalves, and four species were col¬ 
lected. 


* U. S. Biological Survey, Fourth Provisional Zone Map of North America; Marxian. 
Bailey, Nelson, Preble, 1910. 
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LIST OF RECENT SPECIES. 


Sphaerium sp? 

Lam])8ili8 parva Lea. 
Quadrula lachrymosa Barnes. 
Anodonta sp? 

Physa anatina Lea. 

Planorbis bicarinatus Say. 
Zonitoides miniscula Binney. 
Zo nit aides singleyana Pilsbry. 


Vallonia gracilicostata Reinhardt. 
Vallonia parvula? Sterki. 

Pupoides marginal us Say. 
Bifidaria procera cristata P. & V. 
Bifidaria armifc^a Say. 

Bifidaria holzingeri? Sterki. 
Bifidaria tappaniana C. B. Adams. 
Succinea graxvenori Lea. 


MIOCENE OF THE REGION. 

On Prairie Dog creek, between Norton and Long Island, 
there are many fine exposures of what is generally known as 
Loop Fork. According to Matthew* this belongs in the upper 
Miocene series, and the short-legged rhinoceroses are the most 
abundant fossils. 

Th' upper layer of this formation is the most conspicuous, 
as a hard layer of porous white limestone caps most of the 
hills along the route. This layer weathers poorly, and in the 
majority of places exposes a perpendicular section on the 
hillside. Beneath this there are many layers of sand and other 
rocks, which are well exposed in a deep ravine south of Long 
Island about five miles. At Almena a beautiful yellow sand is 
exposed in great quantities. The layer is about forty feet 
thick, and two mastodon skeletons are exposed. 

All of the strata are fossil-bearing, rhinoceroses being found 
most abundantly, but many other groups are common. Eu¬ 
phorbia seeds were found in all the layers examined. 

The formation is doubtless of Miocene lake origin, and may 
contain fossil land shells in some places, but none were found 
by us. These are occasionally found in the John Day region 
in Oregon and the White river Miocene of Colorado, from 
which it may be inferred that they exist sparingly in the 
Loop Fork. Those land shells found in the former two di¬ 
visions of the Miocene belong to a warmth-loving fauna, and 
as they are not greatly different in general character from 
species inhabiting the Carolinian zone at the present time, it 
may be supposed that the climate of the Miocene period was 
not essentially different from that of the region at the present 
time. 

In later times there has been a gradual increase in cold, 


• W. D. Matthew, Bull. Am. Mu». Nat. HUt. XII, p. 6*. 
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which reached its climax in the southern extension of the 
glaciers to northern Kansas, and still later, of course, the 
former conditions have returned. 

PLEISTOCENE OF THE REGION. 

To the Pleistocene we refer a large number of shell-bearing 
deposits found all the way along Prairie Dog creek between 
Norton and the Republican river. Some of the deposits are 
of uniform consistency throughout and seem to be of aerial 
origin, while others are distinctly laminated and contain some 
gravel and nodules of white disintegrated Miocene rock, indi¬ 
cating that they are of fresh-water origin. 

One mile east of Long Island the bed of the creek is formed 
of a comparatively tough green marl, which contains an 
abundance of fossil shells. The creek has cut down through 
this marl, which is not all of the same consistency, for a dis¬ 
tance of thirty feet. Shells are scattered all through this, 
except in the upper ten feet. The marl seems unmistakably 
of fresh-water origin, and most of the fresh-water species 
were found in it. 

West of Long Island about three miles there is an exposure 
of about twenty feet of sand lying on top of Miocene shales, 
which form the bed of the creek. The deposit contains an 
abundance of shells, but owing to the few Lymnimn found, and 
structure of the whole, it is supposed to be of wind origin. 
This deposit was the only one seen which had the columnar 
structure of the Mississippi and Missouri river valleys. Along 
the latter streams the loess exists as a chain of hills along the 
banks of the streams, but if such a condition ever existed 
along Prairie Dog creek, erosion has eliminated all traces of it. 
The deposit under consideration could have been drifted by 
the wind, owing to the position of the surrounding Miocene 
hills. 

The species found in the deposits, which seem to be of wind 
formation, are, with the exception of most of the fresh-water 
ones, the same as those found in the marl east of Long Island. 
The latter is of undoubted water origin, and all seem to be of 
contemporaneous deposition. 

In the loess of the Mississippi and Missouri river banks 
there are an abundance of fossils belonging to species, with 
one or two exceptions, exactly the same as inhabit the region 
at the present time. They have lived in the locality ever 
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since the beginning of the formation of the beds, because they 
are found from the bottom up. But in the Prairie Dog creek 
beds there are found no less than twenty-six species which do 
not live to-day within several hundred miles of the formation. 


They are as follows: 

Psidium sp? 

Psidium sp. 

Spluerium sp. 

Ancylus parallelus? 
Lynniwa parva. 

L y m nsoa o brussa ? 
Lymmea hnmilis. 

Lynnum desidiosa. 
Planorbis trivolvis. 

Planorbis truncat as. 

Plan*.''hift deflectus. 
Zonitmdes arbovea . 
Euconulus fulvus. 


Vilrca hammonis. 

Pyramidula cronkhitci cockerelli. 
Pnncinm pygtntvum. 

Sphyradivni niticola . 

Sphy radium hasta. 

Papilla ninseornin. 

Pifidaria mcclungi. 

Vertigo modest a. 

Vertigo gonldi. 

Vertigo martini. 

Succinea a vara. 

Sa vein ea sillimani. 

Caryehium exile canadense. 


Great changes in climate must have taken place in order 
that this number of species should completely die out of the 
region. Many of these twenty-six species never could have 
lived on a barren, sandy, treeless plain. The entire surround¬ 
ings must have been vastly different in regard to water and 
vegetation for the existence of such moisture-loving forms as 
Vertigo, Caryehium, Euconulus, etc. 

Of these twenty-six species fully 50 per cent are associated 
at the present time with a cold climate. They live in Canada 
and the northern parts of the United States and among the 
peaks of the Rockies. The natural conclusion to be drawn 
from this is that the Prairie Dog cieek fauna lived during a 
cold epoch. 

It may be stated that the fauna is as different from the loess 
fauna as from the recent fauna in the loess region. 

It is generally admitted that the loess deposits are post¬ 
glacial. Their existence on the top of glacial drift indicates 
this, as also does the presence of a uniform fauna from bottom 
to top. If the deposits were formed during and after glacial 
time the bottoms would contain a different fauna from the top. 
The presence of the northern fauna in the Prairie Dog creek 
beds is good evidence that it is older than that of the loess, 
and that it lived during an invasion of cold from the north. 

The Glacial Epoch, during which there may have been as 
many as five ice sheets in some localities, is the only descent 
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of cold known to have occurred in later geological times. The 
glaciers extended as far south as Lawrence, Kan., but there 
seems to be no evidence of the ice in Phillips county, which is 
in a somewhat more northern latitude. However, the exist¬ 
ence of glaciers in or near the eastern part of the state would 
have a great effect upon the animals and plants of the western 
part of the state, because temperature conditions would be es¬ 
sentially the same. From this it seems that the Prairie Dog 
creek beds were deposited immediately preceding and during 
the Glacial Epoch. They will be placed provisionally in the 
upper Pleistocene. 

The existence of this fauna so far southward is evidence 
that goes to prove the gradual beginning and long duration 
of the Glacial Epoch. Land snails are among the slowest of 
animals to be geographically distributed, and the time taken 
for this Canadian fauna to migrate several hundred miles to 
the southward must have been of considerable magnitude. It 
existed in the Long Island region during the deposition of at 
least thirty feet of sand, and died out when conditions changed 
and the glaciers disappeared. A few remnants of the fauna 
exist at the present time in eastern Kansas as Pupilla mus- 
corum and Eaconulus fulvrn. 

As most of the fauna is found in the Miocene of the locality, 
it seems that the descent of cold had not started at the close 
of that period. 

There are some shells which we did not find in the deposits, 
but which would naturally be supposed to occur. On subse¬ 
quent search a Vitrina, for instance, may be found. None of 
the Helicidae were found as fossils. None of the family lives 
in the region at the present time, although Polygyra fraterna 
lives in Jewell county to the eastward. 

ANNOTATED LIST OF PLEISTOCENE SPECIES. 

1. Psidium (sp?) 

2. Psidium (sp?) 

3. Sphterium (sp?) 

Three species of small bivalves were found. The first two are rare 
and the latter most common. 

4. Ancylus parallelus? Say. 

A single specimen found at Long Island probably belongs to this 
species. 
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5. Lymnaea obrussa? Say. 

Several specimens were found which more rearly resemble this than 
any other species in our collections. The aperture, however, is shorter 
and broader. 

6. Lymnaea parva Lea. 

Fifteen specimens from the Long Island marl. 

7. Lymnaea desidiosa Say. 

8. Lymnaea humilis Say. 

The latter two species were quite common in the marl beds. 

9. Physa anatina Lea. 

This is a smooth I'lujsa, agreeing with specimens of aualiua from 
eastern Kansas identified by Mr. Bryant Walker. 

10. Planorbis trivolvis Say. 

Th: widely distributed species does not live in Prairie Dog creek at 
the present time. Several 1’ossils were found. 

11. Planorbis truncatus Say. 

One spec 5 men found at Long Island. 

12. Planorbis bicarinatus Say. 

Numerous specimens were found in the green marl near Long Is¬ 
land, and the species lives in Prairie Deg creek at the present time. 

13. Planorbis defiectus Say. 

Two specimens found. 

14. Zonitoides miniscuia Linney. 

A few fossils found in a railroad cut just east of Norton. 

15. Zonitoides miniscuia alachuana Dali. 

Fossils were found in two or three deposits. The shells are much 
smoother than recent specimens of either alachuana or typical miniscuia. 

16. Zonitoides arborea Say. 

Several fossils found. The last whorl is rather more flattened than 
in recent specimens, and all trace of the brownish color was lost. In 
Kansas, this species does not live west of Topeka at the present time. 

17. Euconulus fulvis* Muller. 

Quite common as a fossil, and typical. Fine spiral sculpture over 
the entire shell, and the whorls are almost six. 

18. Vitrea hammonis Muller. 

Several fossils were found in the different beds. The last whorl in- 

* See Pilsbvy and Ferris. Proc. Acad. Nat. Sci. Phila., 1910, p. 133. 

2-Univ. Sci. Bull., Vol. VII, No. 3. 
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creases rather more rapidly than in recent specimens. Lawrence is the 
farthest west the form lives in Kansas at the present time. 

19. Pyramidula cronkhitei cockerelli Pilsbry. 

One of the most abundant fossils. It can be collected by thousands. 
It lives at the present time no closer than the mountains of central Colo¬ 
rado. 

20. Helicodiscus parallelus Say. 

Common in all the beds. 

21. Punctum pygmasum Draparnaud. 

Rare; only a few specimens could be found, but owing to its small 
size it may have been overlooked. 

22. Vallonia gracilicostata Reinhardt. 

An abundant fossil in all the deposits examined. 

23. Vallonia parvula Sterki. 

Five specimens were found in a deposit of loam, near the surface, 
four miles east of Norton. This probably does not extend down into the 
Pleistocene formation, and it is doubtful if it lives in the region at the 
present time. 

24. Cochlicopa lubrica Muller. 

A common shell in the Pleistocene beds. In Kansas this shell is rare 
and does not live in the region at the present time. Hutchinson is appar¬ 
ently the western limit. 

25. Sphyradium alticola Ingersoll. 

This form is specifically distinct from Sphyradium cdcntula. The 
shell is much longer and the basal whorl is always expanded beyond the 
others. The whorls in edcntula are five to six, while in alticola there are 
seven to eight. 

Measurements of S. alticola. 


Alt. 

Diam. 

3.33 

1.74 

2.81 

1.11 

2.70 

1.14 


The species is very common in the formation, and is said to live in the 
mountains of Colorado at the present time. 

26. Sphyradium hasta Hanna & Johnston. PL, fig. 5. 

This form is rare in the deposits. The type is from the green marl 
formation and is deposited in the U. S. National Museum. 

27. Pupilla muscorum Linnaeus. 

This is the most abundant fossil of the series. A very large number 
were collected, in which considerable variation is found. The edentulous 
form is the variety which occurs in greatest numbers, with those that 
have a single nodule-like tooth on the parietal wall not far behind. Two 
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forms of a bidentate muscorum; one, the most common of the two, has one 
tooth on the parietal wall and one on the columella; in the other the 
columella tooth is absent and is replaced by one on the palatal wall. The 
latter form is what is known as bigranata , but only a few specimens 
were found, while the former is quite common. All four of these forms 
intergrade to a remarkable degree, and the fact that Ml are found in the 
one locality makes the recognition of subspecies not feasible. 

28. Pupilla blandi Morse. 

This form has three teeth, and the shell is smaller and more cylindrical 
than P. muscorum. A few fossils were found. The species now lives in 
the mountains of Colorado. 

29. Bifidaria mcclungi new species. PL, figs. 1, 2. 

Shell light brownish-yellow; composed of five to five and a half whorls. 
Lines of growth faint and apex smooth. Whorls well rounded and suture 
very deep. Umbilicus barely perforate. Peristome very broadly re¬ 
flected and greatly thickened by white callous on the inner margin and 
the lace; ends connected across the body whorl by a heavy callous. 
Teeth six. One parietal, large, heavy, and strongly bifid. The angular 
or outer portion from the columella is connected to the peristome by its 
upper extremity. It descends in a gentle cu^ve and meets the parietal 
portion near the upper extremity of the latter. Both portions of the 
tooth are often di\ided transversely, as shown in figure 2. One columel- 
lar, large and heavy, and with a small, pointed subcolumellar. This is 
sometimes partly united to the upper tooth, in which case it is bifid, as 
shown in figure i. One basal, small and conical. Lower palatal high and 
lamellar, set oblique to the aperture, and more deeply seated than the 
other teeth. Upper palatal small and conical. Immediately above the 
upper palatal tooth there is a nodule-like thickening of the margin of 
the lip. A low callous ridge on the outside of the shell just back of the 
reflected lip. 

Measurements. 


Alt. 

Diam. 

2.03 

.96 

2.07 

1.00 

2.44 

l. r »0 


Types in the U. S. National Museum from the Pleistocene of Phillips 
county, Kansas. 

This species differs from any other of the procera group of Bifidaria 
in having the compound tooth on the columella. The very greatly thick¬ 
ened and expanded lip ! s also characteristic. 

30. Bifidaria holzingeri Sterki. 

Three specimens were found associated with Vallonia parvula in loam 
two feet below the surface. It probably does not extend down into the 
Pleistocene deposits, and it is doubtful if it lives in the region at the 
present time. 
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31. Bifidaria armifera Say. 

Typical armifera is found as a fossil, and lives abundantly in the 
region at the present time. 

32. Vertigo modesta Say. 

Very common in all of the deposits. It is not found living in the state. 
The second parietal tooth is never developed in these specimens, and the 
shells are smaller and more cylindrical than the typical modesta . 


Measu remcnts . 


Alt. 

Diam. 

2.02 

1.07 

1.97 

1.00 

1.80 

1.16 


33. Vertigo gouldi Binney. 

Very common in the deposits. The columellar tooth is much heavier 
and the lower palatal more deeply seated than in the typical form, but we 
do not hesitate to refer the shells to this species. 

34. Vertigo martini new species. PI., fig. 3. 

Shell light brown; ovate in outline. Lines of growth faint and ob¬ 
lique. Whorls, four and a half, well rounded, and the sutures well 
impressed. Apex smooth and white and obtusely pointed. Peristome 
thin and sharp, slightly expanded, and the ends connected across the 
body whorl by a thin deposit of callous; almost no indentation in the 
upper palatal wall. Aperture semicircular and with six teeth. Two on 
the parietal wall, both of which are lamellar in shape, and the angle 
tooth is the smaller of the two. One columellar in the center of that 
wall of the aperture. This tooth is bifid, that portion toward the apex 
of the shell being the larger. One basal tooth, small and nodule-like. 
Two palatals, both of which are lamellar in shape, the lower one of 
which is the larger. Variation in a large series of this species is 
slight. 

Measurements. 


Alt. 

Diam. 

1.77 

1.04 

1.74 

1.04 

1.63 

1.04 

1.55 

1.04 


Type specimens in the U. S. National Museum from the Pleistocene 
of Phillips county, Kansas. 

This and Vertigo ovata are the only species found in this part of 
the country with two teeth on the parietal wall. The latter species, 
however, is much the larger and more ovate in outline. The size of 
martini is about the same as that of gouldi from the same deposits, but 
that species is more cylindrical and the angle tooth is never developed. 
The size is somewhat less than that of Vertigo tridentata, a recent shell 
of eastern Kansas in which the basal tooth is absent. 
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35. Succinea grosvenori Tea. 

An abundant fossil, and found living continuously alon.tr the bluffs 
of Miocene exposures. Some of the shells are very large, reaching 
19 mm. in altitude and 13 mm. in diameter. These are some of the 
heaviest Sitccitieas in the country. The heavier shills interlude per¬ 
fectly with the smaller, lighter ones, so it is suppcM'd that the larger 
ones are only older individuals. 

36. Succinea avara Say. 

Very common in all the beds. The shells are normal and do not 
live nearer than central Colorado or eastern Kansas at the present time. 

37. Succinea sillimani Bland. 

Rare; only about a dozen specimens found. 

38. Carychium exile canadense Clapp. 

Naut. XIX, p. 138; pi. VII, figs. 1, 2, 6, 7; Apr., 1906. 

This form is rare in the deposits. Only a few were found, and 
the; agree with the form above except in being more slender and the 
internal basal ridge is more strongly developed than the figures show. 
The striae are not numerous, but are high and coarse and resemble ribs 
on the body whorl, but they are not uniform and regular. 


Univ. Sci. Bull.. Vol. VII. No. 3. 
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SOME TREMATODES OF KANSAS SNAKES. 


RY IT. E. CROW. 

Plato XIX. 

(Contribution from the Zoological laboratory, No. 203.) 

Submitted in partial fulfillment of tin* requirements for the decree of Masier of Arts. 


INTRODUCTION. 


D URING the summer of 1911, as a member of the State 
Biological Survey, T had the opportunity of examining 
a large numher of snakes, frogs, turtles, fish, etc., for parasitic- 
worms. All of the forms were more or less infested, so quite 
a number of worms were procured. Some of these have been 
studied with the object of determining the distinctive charac¬ 
teristics and the placing of them in their respective systematic 
position. lack of time has prevented the presentation of 
more than three species in this paper. All three worms were 
found in snakes, and are new to science. 

The worms were placed directly into 70 per cent alcohol. 
This causes a very slight shrinkage, but they stain well in any 
stain and clear perfectly. Borax carmine was used with best 
results in staining both whole mounts and sections. Htema- 
lum, picrocarmine and Wright’s blood stain were also used 
with varying results. Specimens mounted in glycerine 
showed the various ducts very distinctly. 

These worms differ in some respects, but they are so closely 
related that there can be no doubt they belong to the same 
genus. While they all differ in some minor points from the 
type specimen, they surely belong to the genus Renifer, char¬ 
acterized by Pratt as follows: 

Small distomes, with body more or less elliptical and covered with 
minute spines or scales. Mouth subterminal; acetabulum somewhat 
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larger than oral sucker, and in anterior half of body. Pharynx present; 
oesophagus short or wanting; intestinal caeca reach about to the middle 
of the body or a little past it. Excretory vesicle very large, Y-shaped, 
extending into the forward end of body. Genital pore in front of the 
acetabulum often to the left or the right of the median line. Testes two, 
usually lobate, in the same transverse plane near the middle of the body; 
cirrus-sac often long, containing a vesicula seminalis, and in front of the 
testes; yolk glands lateral in position and occupying the middle third of 
the body; Laurer’s canal present; uterus composed of a descending and 
an ascending limb, and extending to the hinder end of the body; recep- 
iacuhim se minis absent or minute. Parasite in the mouth or air-pas¬ 
sages of snakes and in the intestines of turtles. 

Type: Renifer elliptims Pratt. Additional species: R. 
elongatus Pratt, R. variabilis (Leidy) Luhe, R. solitarius 
Looss, R. zschokkei Volz, R. acetabitlaris Crow, R. megasorchis 
Crow, R. kansensis Crow. 

Renifer megasorcliis sp. nov. 

This worm was found attached to the wall of the uterus 
of a large Natrix rhowMfcra, a common nonpoisonous snake. 
It is a comparatively large worm, pinkish in color and slightly 
lanceolate in form. The body is widest just posterior of the 
middle and tapers to blunt points at both ends, but more 
rapidly to the posterior end. The ventral surface is flat or 
slightly elliptical, the dorsal surface cylindrical. In length the 
body measures 5 millimeters; the width at the widest point, 
1.72 millimeters; thickness, .92 millimeter. The body is 
covered with short spines arranged in transverse rows, the 
spines in each row alternating with the row proximal to it. 
The spines are slightly longer and less numerous towards the 
posterior end of the body. The two suckers are sessile. The 
oral sucker is subterminal and measures .46 millimeter in 
length and .43 millimeter in width. The acetabulum is slightly 
larger than the oral sucker and is .48 millimeter in diameter. 
It is situated in the median line in the second fourth of the 
ventral surface. 

The digestive tract consists of pharynx, oesophagus and in¬ 
testinal caeca. The pharynx measures .247 millimeter in 
length and .226 millimeter in diameter. It is a very muscular 
organ, the radially disposed fibers constituting the principal 
part, with a very thin layer of circular fibers on the outside. 
The oesophagus is a small, round, straight tube, .06 millimeter 
in diameter and .32 millimeter long. Both the pharynx and 
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oesophagus are surrounded by glands. The intestinal caeca are 
simple tubes, without lateral projections, extending to the be¬ 
ginning of the last fourth of the body. The right tube is 
slightly longer than the left. They lie in about the same plane 
and follow the general body outline. They are generally round, 
with an average diameter of .09 millimeter. 

The excretory vesicle is a Y-shaped tube, with very thin 
walls—so thin that it can be traced only in sections. From the 
small opening at the extreme posterior end of the body the 
tube proceeds forward, gradually growing larger till it reaches 
the anterior end of the testes, where it divides, each branch 
passing forward just inside its respective intestinal caecum 
to about the posterior edge of the acetabulum. From the 
bifurcation the crura grow rapidly smaller and terminate as 
blun! points. At the widest point the vesicle measures .91 
millimeter in width, while the dorsoventral diameter at the 
same point is only .04 millimeter. At the neck, or just inside 
the pore, the diameter of the thin cylindrical tube is .036 
millimeter. The neck is surrounded by glands which define 
its limits clearly. The position of the excretory vesicle is 
dorsal to all the other organs except the yolk ducts. 

The testes are two very large oval bodies, situated in the 
third fourth of the body, and nearly filling the body cavity 
at its widest point. The left testis is slightly in advance of 
the right one. They are the same size and measure .98 milli¬ 
meter in length, .61 millimeter in width and .77 millimeter in 
thickness. The vasa cfferentia arise from the anterior surface 
of each testis and pass forward dorsal to the uterus and to the 
left of the ovary to the posterior end of the cirrus-sac, where 
they join to form the vesicula seminalis. The vasa are very 
small tubes, .0098 millimeter in diameter, and can be seen 
only in sections. The vesicula seminalis is entirely within the 
cirrus-sac, nearly filling it at the posterior end. In its course 
it bends upon itself and is continued as a short par » prostatica. 
The cirrus which follows is a large, long organ, and extends 
through the cirrus-sac and outside the body wall a distance of 
.528 millimeter. Its length within the cirrus-sac is about equal 
to that outside the body. It measures .092 millimeter in 
diameter. The cirrus-sac is a large organ enclosing the 
cirrus, vesicula seminalis, pars prostatica and prostate glands. 
It measures .363 millimeter in diameter at the widest point— 
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the posterior end—and tapers gradually to a diameter of about 
.12 millimeter. The prostate glands occupy all the cavity of 
the cirrus-sac not taken up by the other enclosed organs. 

The ovary is situated a little to the right of the median 
line against the dorsal body wall, just posterior the cirrus-sac. 
It is oval in shape, measuring .415 millimeter in length and 
.332 millimeter in diameter. The oviduct arises from the left 
dorsal surface of the ovary as a small short tube, and passes 
at once into the small ootype, which is surrounded by the 
shell gland. There is no receptacvhim scminis. From the 
ootype a slender Laurer’s canal passes slightly posteriorly to 
the dorsal body wall, having its external opening in the median 
line. The yolk glands consist of about fifty rounded bodies on 
each side of the body, mainly outside of the intestinal caeca, 
extending over about the middle third of the body. A main 
duct from the anterior and one from the posterior parts of 
each gland join to form the two transverse ducts which join 
in the median line to form the common yolk duct, which enters 
the ootype on the posterior side. On the ventral side of the 
ootype the uterus arises as a small tube, which soon turns 
posteriorly, and as it passes toward the hinder end of the body 
grows larger and pursues a rather serpentine course. Near 
the posterior end of the body the uterus turns back and passes 
anteriorly, dorsal to the descending limb, to a point to the 
left of the middle of the cirrus-sac, where it enters the metra- 
term. The ascending limb becomes very voluminous as it 
passes forward and occupies a large part of the body cavity. 
In younger specimens the limbs of the uterus are small and ot 
the same diameter, but in the adult the ascending limb is many 
times larger, and, being filled with a dense mass of eggs, often 
hides many of the other structures. The egg measures .031 
millimeter in length and .016 millimeter in width. The metra- 
term lies in the same plane as the cirrus-sac and to its left. 
It passes in a curved course to the genital pore, which lies in 
the median ventral line a short distance anterior to the ace¬ 
tabulum, immediately anterior to the cirrus. It is a compaia- 
tively thick-walled structure, with many folds in its inner 
wall. In diameter it measures .146 millimeter, and is five or 
six times as long. 

Specific diagnosis of Renifer megasorchis: Slightly lanceo¬ 
late, semicylindrical worms, 5 millimeters long, 1.72 milli- 
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meters wide, and .92 millimeter thick. Body covered with short 
spines. Oral sucker subterminal, .46 millimeter in length, .43 
millimeter in width. Acetabulum sessile, .48 millimeter in 
diameter. Pharynx moderate; oesophagus moderately long; 
intestinal caeca simple, reaching to third fourth of body. Ex¬ 
cretory vesicle Y-shaped; long, voluminous median portion; 
crura short and extend very little past the middle of the body. 
Testes two very large oval bodies; the left slightly anterior to 
right; behind ovary and acetabulum. Ovary immediately be¬ 
hind acetabulum; large and oval in shape. Uterus very 
voluminous; metrateim long and muscular, genital pore in 
front of acetabulum in median line. Egg .031 millimeter long 
and .016 millimeter wide. Laurer’s canal small; no recep- 
taculum nemimn. Cirrus-sac large; cirrus extends .523 
millimeter beyond body wall. Yolk glands lateral, occupying 
middle third of body. Parasite in the uterus of Natrix 
rhombifera. 


Renifw aeetsibnlaris sp. nov. 

This worm was found in the mouth of Natrix rhombifera. 
It is elliptical in outline, slightly concave on the ventral side, 
while the dorsal side is cylindrical, a cross section thus being 
almost a half of a sphere. In all of the specimens there was 
a characteristic downward bend from the acetabulum forward. 
In length the worm measured 1.56 millimeters, and .62 milli¬ 
meter in width at the middle of the bodv. The thickness at 
this place was .151 millimeter. The body is covered with 
short, stiff spines. The suckers are very large and sessile. 
The oral sucker is subterminal in position and measures .286 
millimeter in length and .241 millimeter in width. The mouth 
cavity occupies a little more than half of the space inclosed 
by the sucker. The acetabulum, a very large, round, sessile 
organ, is situated on the mid-ventral surface. It measures 
.453 millimeter in diameter. 

The digestive system is made up of mouth, pharynx and two 
intestinal cteca. The mouth is a funnel-shaped structure, open¬ 
ing from the oral sucker di rectly into the phary nx. The pharynx 
measures .081 millimeter in length and .074 millimeter in 
diameter. The opening through the pharynx is nearly one- 
third of the whole diameter of the organ. The intestinal caeca 
branch off directly from the posterior end of the pharynx and 
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extend to the posterior end of the middle third of the body, 
almost to the testes. They are very thin-walled tubes, with 
many shallow outpouchings. They are about the same diam¬ 
eter at all points, except at the very end, where there is a 
slight enlargement The average diameter is .064 millimeter. 

The excretory vesicle is a Y-shaped, very voluminous organ. 
Beginning with a very small pore at the posterior end of the 
body, the vesicle extends anteriorly, suddenly becoming much 
larger and filling the greater part of the body cavity for a 
short distance. It becomes narrow to pass between the testes, 
but widens again, and soon bifurcates, each branch passing 
forward just within the intestinal caeca, and, gradually grow¬ 
ing smaller, ends near the bifurcation of the intestinal caeca. 
The course is dorsal to all other organs, through the very tips 
of the crura pass partially ventral to the intestinal caeca. The 
walls are very thin, and, except a short distance at the pos¬ 
terior end, can be traced only in sections. 

The testes are two partially lobate bodies, situated just pos¬ 
terior to the middle third of the body in the same transverse 
plane. They differ somewhat in shape, but they are approx¬ 
imately the same size. The shape is variable in different in¬ 
dividuals. The average size is .144 millimeter in length and 
.126 millimeter in width. The vasa efferentia pass from the 
anterior end forward and join the vesicula seminalis sepa¬ 
rately. The last-named organ, together with the pars pros- 
tatica and cirrus, are enclosed in the long cirrus-sac, which 
begins just to the left of the median line anterior to the ace¬ 
tabulum and passes in a curving course to the genital pore on 
the left ventral surface, near the oral sucker. The cirrus-sac 
is .456 millimeter in length and .052 millimeter in diameter at 
the largest point. The vesicula seminalis bends on itself in 
the posterior end of the cirrus-sac. It is followed by a very 
short pars prostatica, which in turn is followed by the cirrus. 
The cirrus is small and weak. 

The ovary is situated just posterior to the middle of the 
body and to the right of the median line. It is nearly 
spherical, measuring .105 millimeter long and .098 millimeter 
in diameter. Slightly dorsal and to the left is the shell gland 
surrounding the small ootype. The short oviduct joins the 
ootype on the anterior and the yolk duct on the posterior side. 
From the ventral side of the ootype the uterus proceeds pos- 
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teriorly in a serpentine course to near the hinder end of the 
body. Here it turns and passes ventral to the descending limb 
to the branching of the intestinal cseca, and then diagonally 
to the genital pore. No metraterm is developed. The eggs 
with whfch the uterus is filled are .032 millimeter long and 
.016 millimeter wide. 

The yolk glands are a number of rounded or elongated 
bodies, averaging about .04 millimeter in diameter, lying in 
two groups on each side of the body. One group on each side 
lies lateral and mainly anterior to the respective testis. The 
other group is situated at the anterior edge of the acetabulum, 
mainly ventral and lateral to the intestinal cseca. There are 
about fifteen bodies in each group. A duct from the anterior 
group meets one from the posterior group and form the trans¬ 
verse duct on each side. These join near the ovary, and form 
the common yolk duct which enters the ootype. 

Specific diagnosis of Renifer acetabularis: Elliptical, semi- 
cylindrical worms, 1.56 millimeters long and .62 millimeter 
wide; body covered with short spines. Suckers very large 
and sessile; oral sucker subterminal, .286 millimeter in length 
and .241 millimeter in width; acetabulum circular, .453 milli¬ 
meter in diameter, and in center of ventral surface. No 
oesophagus; pharynx and intestinal cseca moderate; latter with 
many shallow outpouchings; reaches to posterior end of 
middle third of body. Excretory vesicle very large, Y-shaped; 
crura extend almost to pharynx. Testes two small, slightly 
lobate bodies in posterior third of body, in same transverse 
plane, behind ovary and acetabulum. Ovary immediately 
dorsal to acetabulum, nearly spherical, and moderate in size. 
Uterus voluminous, extends to near posterior end of body. 
Genital pore to left of oral sucker on ventral surface. Egg 
.0321 millimeter long, .0162 millimeter wide. No ootype, 
Laurer’s canal or receptaculum seminis seen. Cirrus-sac large, 
encloses cirrus, pars prostatica and vesicular seminalis;. yolk 
glands in two groups on both sides of body. Parasite in mouth 
of Natrix rhombifera . 

Renifer kansensis sp. nov. 

Several specimens of this worm were found attached in the 
mouth of Ancistrodon contortrix —the copperhead snake. It 


a-Umv. Sci. Bull., Vol. VII. No. 4. 
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is nearly elliptical in outline; the dorsal body is oval, the 
ventral flat.. The body is covered with short, stiff spines, ar- 
ranged somewhat regularly. The worm is 4.56 millimeters 
long, 1.18 millimeters wide, and .387 millimeter thick. The 
suckers are nearly the same size and sessile. The oral sucker 
is subterminal and measures .392 millimeter in length and .356 
in width; the opening has a diameter of .127 millimeter. The 
round acetabulum is situated in the second fourth of the body. 
It measures .453 millimeter in diameter. The genital pore is 
on the ventral surface, very close to the left edge of the body, 
in same transverse plane as the posterior end of the pharynx. - 
The excretory pore is at the posterior end of the body. 

The digestive system is made up of the pharynx, oesophagus 
and intestinal caeca. The pharynx is spherical, .21 millimeter 
in diameter. An oesophagus .36 millimeter in length follows. 
It increases slightly in diameter as it passes posteriorly, and 
divides into the two intestinal caeca. These are simple tubes, 
which reach to the middle of the body. They have a diameter 
of .07 millimeter at the widest point. The left one is slightly 
longer than the right. 

The excretory vesicle is long and voluminous. It has the 
shape of the letter Y. The median portion extends forward to 
the anterior end of the testes, and the crura almost reach the 
branching of the digestive tract. The median portion has a 
great number of lateral, irregular outpouchings, which poste¬ 
rior to the uterus nearly fill the body cavity. The walls are very 
thin and, even in sections, are difficult to trace. The crura, 
however, are more definite tubes, which are more regular in 
their course. They lie mainly dorsal to the intestinal caeca, 
and for the most part parallel. They are generally round and 
about half the diameter of the intestinal caeca. The position 
of the excretory vesicle is dorsal to the other organs. 

The testes are two small lobate bodies, situated slightly pos¬ 
terior to the middle of the body. They are generally round, 
though very irregular in shape, averaging .275- millimeter in 
diameter; The very small vasa efferentia pass from the ante¬ 
rior ends of the testes forward to a point a short distance an¬ 
terior to the acetabulum, where they enter the vesicula' semi- 
nalis. This organ, the pars prostatica and cirrus are enclosed 
in the cirrus-sac. The cirrus-sac is very long, measuring about 
.50 millimeter in length. It lies ventral to the left intestinal 



CROW: TREMATODES OF KANSAS SNAKES. . 183 

caeca, and passes diagonally to the gential pore at the left side 
of the body. The vesicula seminalis makes a spiral bend in the 
posterior end of the cirrus-sac and nearly fills that part. A 
short pars prnstatica follows, then the cirrus continues through 
the cirrus-sac. The end of the cirrus protrudes a short dis¬ 
tance. 

The ovary is a small, round organ, .22 millimeter in diameter, 
which lies partly behind and dorsal to the acetabulum. It is 
dorsal in position and j ust to the right of the median line. The 
short oviduct passes toward the median line and enters the 
ootype, which lies in the midst of the shell gland. The shell 
gland lies to the left and slightly dorsal to the ovary. No 
reccptaculum seminis or Laurer’s canal are present. The yolk 
glands consist of about fifty small, irregular-shaped bodies on 
each side of the body. They are lateral and mainly ventral to 
the intestinal caeca, and extend over a little more than the 
middle third of the body. Several small ducts from each gland 
join to form the lateral duct, which proceeds toward the me¬ 
dian line, where it meets its fellow. The common yolk duct 
thus formed passes anterior a very short distance and joins 
the ootype on the posterior side. The uterus is a very volu¬ 
minous organ. It consists of a descending and an ascending 
limb, both of which have a serpentine course. The descending 
limb passes from the ootype along the median line to near the 
hinder end of the body. The ascending limb proceeds forward 
between the testes to the branching of the intestinal cseca, 
where it passes ventral to the left one to the genital pore at 
the left side of the body. There is no specialized metraterm. 
The ascending limb is several times larger than the descending, 
and fills about half of the body cavity behind the testes. The 
uterus is filled with eggs, which measure .045 millimeter by 
.019 millimeter. 

The following is a specific diagnosis of Renifer Icansensis: 
Small, elongated, semicylindrical worms, 4.56 millimeters long, 
1.18 millimeters wide and .387 millimeter thick. Body covered 
with short spines. Oral sucker subterminal, .392 millimeter 
long and .356 millimeter wide. Acetabulum sessile, .453 milli¬ 
meter in diameter. The pharynx is small; oesophagus moder¬ 
ate; intestinal cseca simple tubes, which reach to middle of 
body. Excretory vesicle voluminous, Y-shaped, with many 
outpouchings in median portion; crura and median portion 
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long. Tests two, slightly posterior to middle of body, behind 
ovary and acetabulum. Ovary partly behind and partly to the 
right of acetabulum. No Laurer’s canal or receptaculum semi - 
nis present. Yolk glands lateral, extending over middle third 
of body. Genital pore near left edge of body, near oral sucker. 
Cirrus-sac long and lying diagonally across body. Uterus very 
voluminous. Egg measures .045 millimeter by .019 millimeter. 
Parasite in the mouth of Ancistrodon contortrix. 
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THE BIRDS OF KANSAS. 

C. I>. BUNKER. 

(Contributions from tin* Zoological Laboratory, No 20 L) 

T HE geographical position of Kansas makes the study of 
its bird life particularly interesting. The state has a 
broad range of varying faunal areas. It is divided north 
and south by the meeting of the Upper and Lower Austral 
Zones, near the southern boundary, while the east and west is 
divided, in the Upper Austral, into the Carolinian and Upper 
Sonoran Zones. The Carolinian fauna is the most important, 
being dominant over approximately the eastern two-thirds of 
the state, except an irregular strip on the south which belongs 
to the Austroriparian. These faunal areas are becoming more 
clearly defined for the various species of birds, as the Bio¬ 
logical Survey work is extended. 

During the summer and fall of 1911, C. D. Bunker and 
T. A. Rocklund, of the University of Kansas Museum, in the 
interest of the State Biological Survey, made a wagon trip 
along the parts of the south, west, anu north borders of the 
state, covering a distance of 1500 miles, while collecting in 
thirty-eight counties. The year was very unfavorable, in that 
it was exceedingly dry. In the western part of the state the 
vegetable life was entirely burned up, making the bird life 
unusually scarce. Nevertheless, about 1000 birds were col¬ 
lected, representing 84 species and varieties, 8 of which were 
new to the state. In 1912, from September to November, these 
same men worked the counties of Trego, Lane, and Gove, col¬ 
lecting some 700 birds. 


( 137 ) 



138 


KANSAS UNIVERSITY SCIENCE BULLETIN. 


Since the third edition of the A. 0. U. check list has been 
published, the entire collection of birds in the University of 
Kansas has been gone over by Miss Arta Briggs, and nomen¬ 
clature brought up to date and the subspecies of the Kansas 
birds carefully worked down. Twenty-seven species and sub¬ 
species were found that had not been recorded in Doctor 
Snow’s Catalogue of Kansas Birds. The collection of birds in 
the University of Kansas Museum consists of 1519 mounted 
birds, and 7500 bird skins; comprising in all 722 species and 
subspecies. The greater part of these birds were collected in 
Kansas, yet there are birds of other states and countries in the 
collection. There are about 1100 skins from Yucatan, in¬ 
cluding one type ( Formicarius pallid us levcohrma ). 

The study of Kansas birds, while not having been taken up 
by the government surveys, has been the subject of consid¬ 
erable work. Doctor Snow was the first scientist in the field. 
He began his study of Kansas birds upon his arrival at the 
University in 1866, and continued his interest until his death, 
September 20, 1908. He published his first edition of the 
Birds of Kansas in April of 1872, in the Kansas Educational 
Journal. He reported 259 species and varieties. In July of 
1872 he published an amended list, containing 277 species and 
varieties, in the Western Guide of the Kansas Pacific Railroad. 
In October of the same year he issued a third edition, con¬ 
taining 282 species and varieties. In 1875 he contributed a 
fourth edition to the Kansas Academy of Science, with 302 
birds listed. His fifth and last appeared in the May of 1903 
edition of the Kansas Academy of Science, and contained 342 
birds. In November of the same year he added three species 
that he had already listed, but had omitted from his last list. 
They were the Road Runner ( Geococcyx caUfornianus) , Black- 
bellied Plover ( Squatarola squatarola) , and the Black-throated 
Green Warbler (Dendroica virens). In December, 1904, he 
added the Parasitic Jaejer (Ster cor anus parasiticus) , White¬ 
winged Crossbill ( Loxia leucoptera) , and the Grove-billed Ani 
(Crotophaga sulcirostris). In his fifth edition was listed the 
Logger-headed Shrike ( Lanius hulovicianus ludovicianus ), 
the southern form that does not inhabit Kansas; the Oregon 
Junco ( Junco hyemalis oreganus), a bird of the West; and the 
Long-billed Marsh Wren (Telmatodytes palustris palustris) 
of the East. As no evidence could be found that these birds 
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had ever been taken in the state, and as Kansas is entirely out 
of their range, they are omitted from the following list, which 
is primarily based upon Doctor Snow’s fifth edition of the 
Birds of Kansas. Revisions have been made where present- 
day nomenclature demanded, and the descriptive notes have 
been changed in some places, since the shifting conditions in 
bird life change with each decade, and more study has brought 
new information. 

I. Family COLYMBIDiE. Grebes. 

1. ASchmophorus occidentalis (Lawr.). Western Grebe. Accidental: 
one collected in Shawnee county, November 8, 1901, by Robert Maxwell. 
In the University mounted collection. 

2. Colymbus holboelli (Reinhardt). Ilolboell’s Grebe. Occasional; 
added to the list October 29, 1910, by Logan Evans, Lawrence, Kan. In 
the University mounted collection, new to the list. Not in Doctor Snow’s 
catalc 0 ae. 

3. Colymbus auritus (Linn.). Horned Grebe. Migratory; rare. One 
collected in Nickerson county, November 15, 1906, by Mr. K. C. Beck. In 
museum skin collection. 

4. Colymbus nigricollis californicus (Heerm.). Eared Grebe. Migra¬ 
tory. 

5. Podilymbus podieeps (Linn.). Pied-billed Grebe. A rare summer 
resident; an abundant migrant. 

II. Family GAVIIDAL Loons. 

6. Gavia immer (Brunn.). Loon. Migratory; rare. 

III. Family STERCORARIIDA1. Skuas and Jaegers. 

7. Stercorarius parasiticus (Linn.). Parasitic Jaejer. Accidental. 
“A young male of this species was captured along the Kansas river, near 
Lawrence, on October 10, 1908, by Banks Brown. This specimen was 
mounted by Leverett A. Adams, and is now in the Museum of the Uni¬ 
versity of Kansas. This species not having been previously reported as 
‘seen’ or ‘likely to occur in Kansas,’ is an absolute addition to our avi¬ 
fauna.”—Quoted from Doctor Snow’s Notes of J904 on Birds of Kansas, 
published in volume XIX, Transactions of the Kansas Academy of Science, 
page 263. 

IV. Family LARID^E. Gulls and Terns. 

8. Larus argentatus (Portoppidan). Herring Gull. Migratory; rare. 

9. Larus californicus (Lawr.). California Gull. Quoted as accidental 
by Doctor Snow. No Kansas collected specimen in the Kansas Museum. 

10. Larus delawarensis (Ord). Ring-billed Gull. Migratory; fre¬ 
quent. 

11. Larus atricilla (Linn.). Laughing Gull. Migratory; occasional. 
The first was collected in 1888 in Douglas county. Five more have been 

a-Unlv. Sci. Ball, Vol. VII, No. 5. 
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collected during the years 1901, 1905, 1906 and 1911. These are now in 
the University Museum. Doctor Snow did not include this species in 
his catalogue. 

12. Larus franklini (Rich.). Franklin’s Gull. Migratory. 

18. Larus Philadelphia (Ord). Bonaparte’s Gull. Migratory; rare. 

14. Xema sabini (Sab.). Sabine’s Gull. Quoted as accidental by 
Doctor Snow. No specimen of this species in the museum. A male was 
collected October 8, 1909, at Hamilton, Greenwood county, Kansas, by 
G. C. Rinker. Colonel Goss has collected this bird in Kansas. 

15. Sterna forsteri (Nut.). Forster’s Tern. Migratory; not un¬ 
common. Recorded as common by Doctor Snow. 

16. Sterna hirundo (Linn.). Common Tern. Migratory; rare. 

17. Sterna antillarum (Lesson). Least Tern. Intermittently com¬ 
mon as a summer resident. 

18. Hydrochelidon nigra surinamensis (Gmel.). Black Tern. A rare 
summer resident; common in migration. 

V. Family ANHINGID^E. Darters. 

19. Anhinga anhinga (Linn.). Water Turkey. Catalogued as acci¬ 
dental by Doctor Snow. No Kansas collected specimen in the Universi y 
Museum. 


VI. Family PHALACROCORACID^E. Cormorants. 

20. Phalacrocorax aurautus aurautus (Lesson). Double-crested Cor¬ 
morant. Migratory; rather common. 

21. Phalacrocorax vigua mexicanus (Brandt). Mexican Cormorant. 
Quoted as accidental by Doctor Snow. No specimen in the University 
Museum. 


VII. Family PELECANID^E. Pelicans. 

22. Pelicanus erythrorhynchos (Gmelin). White Pelican. Migratory; 
common. 

VIII. Family FREGTID^E. Man-o’-war-birds. 

28. Fregata aquila (Linn.). Man-o’-war-bird. Quoted as accidental 
by Doctor Snow. No Kansas collected specimen in the Museum. 

IX. Family ANATID^E. Ducks, Geese, and Swans. 

24. Mergus americanus (Cassin). Merganser. Winter sojourner; 
not uncommon. 

25. Mergus serrator (Linn.). Red-breasted Merganser. This species 
was omitted in Doctor Snow’s last catalogue, owing to the fact that 
during the last thirty years, i. e., up to 1903, no specimen had been 
taken in the state. Two birds of this species were collected in the year 
of 1907; one by L. L. Dyche. It was found dead by him near Lake View, 
April 19, 1907. Dan Breese collected one in November of the same year 
in Sedgwick county. Both skins are in the University Museum. 

26. Lophodytes cucullatus (Linn.). Hooded Merganser. A rare resi¬ 
dent; a common migrant. 

27. Anas platyrhynchos (Linn.). Mallard. A rare resident; a common 
migrant. 
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28. Anas rubripes (Brewster). Black Duck. Minatory; occasional. 
Recorded by Doctor Snow as “very rare.” This duck has been collected 
in Douglas county—one specimen a year in 1899, 1901 and 1903, and in 
Pratt county in 1910. These specimens are in the University Museum. 
A specimen classified as Red-legged Black Duck by Mr. G. C. Rinker, of 
Hamilton, Greenwood county, Kansas, was collected by a friend of his, 
February 17, 1911, and loaned to the museum by him. Anas rubripes 
tristis is considered only in the hypothetical by the A. 0. U. check list. 
-The dried condition of the mounted specimen made absolute identification 
impossible by the museum systernatists. 

29. Anas fulvigula maculosa (Sennett). Mottled Duck. Migratory; 
rare. 

30. Chaulelasmus streperus (Linn.). Gadwell. A rare summer resi¬ 
dent; a common migrant. 

31. Mareca americana (Gmel.). Baldpate. A rare summer resident; 
a common migrant. 

32. Nettion carolinensis (Gmel.). Green-winged Teal. An abundant 
migre • ; an occasional winter sojourner. 

33. Querquedula discors (Linn.). Blue-winged Teal. An occasional 
summer resident; abundant in migration. 

34. Querquedula cyanoptera (Vieill.). Cinnamon Teal. Migratory; 
rare in the eastern part of the state, not uncommon in the western part. 
Recorded as rare by Doctor Snow. 

35. Spatula clypcata (Linn.). Shoveller. A rare summer resident; 
a common migrant. 

36. Dafila acuta (Linn.). Pintail. Migratory; rare. 

37. Aix sponsa (Linn.). Wood Duck. Summer resident; once common. 

38. Marila americana (Eyton). Redhead. Migratory; common. 

39. Marila valisineria (Wils.). Canvasback. Migratory; usually 
common. 

40. Marila marila (Linn.). Scaup Duck. Migratory; rare. 

41. Marila afiinis (Eyton). Lesser Scaup Duck. Migratory; not 
common. 

42. Marila collaris (Donov.). Ring necked Duck. Migratory; once 
common. 

43. Clangula clangula americana (Bonap.). Golden-eye. Migratory; 
rare. 

44. Clangula islandica (Gmelin). Barrow’s Golden-eye. This is a 
new species for the state. Doctor Snow did not include it in any of his 
lists, and according to the A. O. TJ. check list, Nebraska is the farthest 
south record for this species. Two were collected in Douglas county 
December 11, 1903, by M . Crow; one in Leavenworth county March 10, 
1904, by Mr. Sheen; and two at Lake View, March 27, 1909, by L. L. 
Dyche, jr. These are mounted in the University Museum. 

45. Charitonetta albeola (Linn.). Buffle-head. Migratory; common. 

46. Harelda hyemalis (Linn.). Old squaw. Migratory; very rare. 
Quoting from Doctor Snow’s catalogue: “This species is new to our fauna. 
Its capture was communicated to me by my friend, Dr. R. Matthews, of 
Wichita. The specimen is in his collection. It was captured by Dr. J. W. 
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Shultz, in November, 1901, on Patterson lake, in the south end of Harvey 
county. Mr. Jerald Volk, of Wichita, has another specimen, taken March 
1, 1902, at Gantz Mill, in Pratt county. Both of these birds were alone 
when shot. Both “came in with a whiz and struck the water with such 
force as to attract attention.” 

47. Somateria v-nigra (Gray). Pacific Eider. Accidental. One 
specimen is in the University Museum. 

48. Oidemia perspicillata (Linn.). Surf Scoter. Accidental. Added 
to the list in the year 1888 by A. L. Bennett. This specimen is in the 
University Museum. Arthur Marks killed four of these birds October 
17th, 1913, near Lawrence. 

49. Erismatura jamaicensis (Gmelin). Ruddy Duck. Rare; once 
common in migration. 

50. Chen hyperboreus hyperboreus (Pallas). Lesser Snow Goose. 
Migratory ; common. 

51. Chen cserulescens (Linn.). Blue Goose. Migratory; i*are. 

52. Anser albifrons gambeli (Hart.). White-fronted Goose. Migra¬ 
tory; common. 

53. Branta canadensis canadensis (Linn.). Canada Goose. Migra¬ 
tory; common. 

54. Branta canadensis hutchinsi (Rich.). Hutchins’s Goose. Migra¬ 
tory; common. 

55. Branta bernicla glaucogastra (Brehm). Brant. Migratory; very 
rare. 

56. Olor columbianus (Ord). Whistling Swan. Migratory; not un¬ 
common. 

57. Olor buccinator (Rich.). Trumpeter Swan. Migratory; rare. 

X. Family PLATALEIDAS. Spoonbills. 

58. Ajaia ajaja (Linn.). Roseate Spoonbill. Accidental. Quoting 
from Doctor Snow’s catalogue: “This species is new to the Kansas cata¬ 
logue. It was communicated to me by Dr. R. Matthews, of Wichita, who 
wrote me September 26, 1899, that a male specimen was captured March 
20, 1899, on Four-Mile creek, near Douglas, in Butler county. It became 
the property of Mr. Jerald Volk, of Wichita.” 

XI. Family IBIDIDiE. Ibises. 

59. Plegadis guarauna (Linn.). White-faced Glossy Ibis. Migratory; 
rare. One was collected in Douglas county October, 1879, by W. L. Bul- 
lene, and mounted by Frank Dixon. It is in the University Museum. 

XII. Family CICONIIDiE. Wood Ibises. 

60. Mycteria americana (Linn.). Wood Ibis. Accidental. No Kansas 
collected specimen in the University collection. 

XIII. Family ARDEIDA2. Herons, Bitterns, Etc. 

61. Botaurus lentiginosus (Montagu). Bittern. Summer resident; 
common. 

62. Ixobrychus exilis (Gmelin). Least Bittern. Summer resident; 
not common. 
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63. Ardea herodias herodias (Linn.). Great Blue Heron. Summer 
resident; common. 

64. Herodias egretta (Gmel.). Egret. Summer visitant; not un¬ 
common. 

65. Egretta candidissima candidissima (Gmelin). Snowy Egret. 
Summer visitant; occasional. 

66. Florida cserulea (Linn.). Little Blue Heron. Summer visitant; 
rare. 

67. Butorides viresccns virescens (Linn.). Green Heron. Summer 
resident; common. 

68. Nycticorax nycticorax naevius (Bood.). Black-crowned Night 
Heron. A rare summer resident. 

69. Nyctanassa violacea (Linn.). Yellow-crowned Night Heron. A 
rare summer resident. 

XIV. Family GRUIDAS. Cranes. 

70. Grus americana (Linn.). Whooping Crane. Migratory; rare. 

7J Grus canadensis (Linn.). Little Brown Crane. Migratory; com¬ 
mon. 

72. Grus mexicana (Mull.). Sandhill Crane. Migratory; common. 

XV. Family RALLIDAS. Rails, Gallinules, and Coots. 

73. Rallus elegans (Aud.). King Rail. Summer resident; common. 

74. Rallus virginianus (Linn.). Virginia Rail. A very rare summer 
resident; a common migrant. 

75. Porzana Carolina (Lirn.). Sora. Summer resident; common. 

76. Coturnicops noveboraeensis (Gmel.). Yellow Rail. Summer resi¬ 
dent; rare. 

77. Creciscus jamaieensis (Gmelin). Black Rail. Summer icsident; 
rare. 

78. Ionornis martinicus (Linn.). Purple Gallinule. Occasional. Two 
specimens have been collected in Douglas county; the first one by Grant 
Mull, April 26, 1896, and the second by II. J. Newman, April 18, 1909. 
Both are in the University Museum. 

79. Gallinula galeata (Licht.). Florida Gallinule. A very rare sum¬ 
mer resident. 

80. Fulica americana (Gmelin). Coot. Summer resident; abundant. 

XVI. Family PHALAROPODIDAL Phalaropes. 

81. Phalaropus fulicarius (Linn.). Red Phalaropc. Accidental. 
Added to the list by E. E. Brown, November 5, 1905. The specimen was 
a female, taken at Lake View. 

82. Lobipes lobatus v Linn.). Northern Phalarope. Migratory; rare. 

83. Steganopus tricolor (Vieillot). Wilson’s Phalarope. Migratory; 
common. 

XVII. Family RECURVIROSTRIDAL Avocets and Stilts. 

84. Recurvirostra americana (Gmelin). American Avocet. A rare 
summer resident; a common migrant. 
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85. Himantopus mexicanus (Muller). Black-nccked Stilt. Accidental. 
Added to the list in 1906 by T. H. Griffiths. Shot ten miles north of 
Wichita. Donated to the University; now in the F. H. Snow collection. 

XVIII. Family SCOLOPACID^E. Snipes, Sandpipers, and Curlews. 

86. Philohela minor (Gmelin). Woodcock. Probably extinct. Given 
by Doctor Snow as a rare summer resident. 

87. Gallinago delicata (Ord). Wilson’s Snipe. Migratory; common. 

88. Macrorhamphus griseus scolopaceus (Say). Long-billed Dow- 
itcher. Mirgatory; common. 

89. Micropalma himantopus (Bonap.). Stilt Sandpiper. Migratory; 
common. 

90. Tringa canutus (Linn.). Knot. Migratory; rare. An immature 
male was collected September 19, 1911, at Hamilton, Greenwood county, 
Kansas, by G. C. Rinker, and loaned to the Museum by him. 

91. Pisobia maculata (Vieill.). Pectoral Sandpiper. Migratory; 
common. 

92. Pisobia fuseicollis (Vieill.). White-rumped Sandpiper. Migra¬ 
tory; common. 

93. Pisobia bairdi (Coues). Baird’s Sandpiper. Migratory; rare. 

94. Pisobia minutilla (Vieill.). Least Sandpiper. Migratory; abun¬ 
dant. 

95. Pelidna alpina sakhalina (Vieill.). Red-backed Sandpiper. Mi¬ 
gratory; rare. One female collected at Lawrence, Kan., by Isaac Morgan, 
May 11, 1885. In the University skin collection. An immature male 
collected October 13, 1912, by G. C. Rinker, another by him October 20, 
1912, at Hamilton, Kan. 

96. Ereunetes pusillus (Linn.). Semipalmated Sandpiper. Migra¬ 
tory; common. 

97. Ereunetes mauri (Cabanis). Western Sandpiper. Migratory; oc¬ 
casional. New to the list, added by G. D. Hanna, May 26, 1906, near Law¬ 
rence. In the spring of 1906 six more specimens were collected, and one 
in 1910. 

98. Calidris leucophaea (Pallas). Sander ling. Accidental. 

99. Limosa fedoa (Linn.). Marbled Godwit. Migratory; occasional. 

100. Limosa haemastica (Linn.). Hudsonian Godwit. Migratory; 
rare. 

101. Totanus melanoleucus (Gmelin). Greater Yellow-legs. Migra¬ 
tory; common. 

102. Totanus flavipes (Gmelin). Yellow-legs. Migratory; abundant. 

103. Helodromas solitarius solitarius (Wils.). Solitary Sandpiper. 
Migratory; common. 

104. Catoptrophorus semipalmatus semipalmatus (Gmelin). Willet. 
Migratory; occasional. Not given in Doctor Snow’s list. Two males were 
collected by Scott Griesa, May 6, 1909, in Douglas county, Kansas. One 
male was collected in Greenwood county by G. C. Rinker, September 8, 
1912. It was in company with six Black-bellied Plovers. 

105. Catoptrophorus semipalmatus inornatus (Brewster). Western 
Willet. Migratory; occasional. Given by Doctor Snow as “rare.” 
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106. Bartramia longicauda (Bechst.). Bartramian Sandpiper. A 
common summer resident. 

107. Tryrgites subruficollis (Vieill.). Buff-breasted Sandpiper. Mi¬ 
gratory; rare. 

108. Actitis macularia (Linn.). Spotted Sandpiper. A common sum¬ 
mer resident; abundant migrant. 

109. Mumenius americanus (Brechst.). Long-billed Curlew. A rare 
summer resident; a common migrant. 

110. Numenius borealis (Forst.). Eskimo Curlew. Migratory; now 
nearly extinct. 

XIX. Family CHARADRIID^E. Plovers. 

111. Squatarola squatarola (Linn.). Black-bellied Plover. Migra¬ 
tory; occasional. This species was omitted from Doctor Snow’s fifth edi¬ 
tion of his Birds of Kansas Catalogue, as the actual capture of the bird 
had not been satisfactorily verified. In his Notes of 1903 on the Birds of 
Kansas, published in volume XIX, Kansas Academy of Science, he re¬ 
port*.' the capture of a bird of this species by Ed. Goldberg, near Wichita, 
in 1896. Doctor Matthews sent the mounted bird to Doctor Snow, May 
22, 1903. L. A. Bennett, October 29, 1886, collected two specimens of this 
species near Lawrence. They are mounted and in the University Museum. 
One more bird of this species was collected in Douglas county, October 
29, 1887. The latest records of this bird are found in G. C. Rinker’s data 
of 1912. Two males and a female were collected by him September 8, 
1912. Three others in the same flock were not saved. An immature 
female was taken by him October 13, 1912, at the same place, Hamil¬ 
ton, Kan. 

112. Charadrius dominicus dominicus (Mull.). Golden Plover. Mi¬ 
gratory; common. 

113. Oxyechus vociferus (Linn.). Killdeer. An abundant summer 
resident. 

114. ASgialitis semipalmata (Bonap.). Semipalmated Plover. Migra¬ 
tory; not common. 

114 V 2 . ASgialitis meloda (Old). Piping Plover. Rare. One col¬ 
lected May 27, 1909, by L. L. Dyche, Douglas county, Kansas. In Uni¬ 
versity Museum. 

115. ^Egialitis nivosa (Cass). Snowy Plover. A rare summer resi¬ 
dent in southwestern Kansas. 

116. Podasocys montanus (Towns.). Mountain Plover. A common 
summer resident in the western part of the state. 

XX. Family APHRIZIDAS. Turnstone. 

117. Arenaria interpres morinella (Linn.). Turnstone. Accidental 
Doctor Snow did not give the subspecies name, but it was doubtless mori- 
nella , as this is the only subspecies that ranges over the whole of North 
America. This species is in the University Museum. A male morinella 
was collected October 1, 1911, in Greenwood county, by G. C. Rinker. It 
was in company with two Wilson’s Phalaropes. This one was loaned to 
the University for comparison. 



146 


KANSAS UNIVERSITY SCIENCE BULLETIN. 


XXI. Family ODONTOPHORIDJE. Bob-whites. 

118. Colinus virginianus virginianus (Linn.). Bob-white. An abun¬ 
dant resident. 

119. Colinus virginianus texanus (Lawr.). Texas Bob-white. Listed 
by Doctor Snow as “a very rare resident in southwestern Kansas; for¬ 
merly not uncommon.” Now probably extinct. There are none in the 
University Museum collection. 

XXII. Family TETRAONIDiE. Grouse. 

120. Bonasa umbellus umbellus (Linn.). Ruffed Crouse. Probably 
extinct. It has not been seen in the state for years. 

121. Tympanuchus americanus americanus (Reid). Prairie Chicken. 
Formerly an abundant resident; still common in some parts of western 
Kansas. 

122. Tympanuchus pallidicinctus (Ridg,). Lesser Prairie Chicken. 
A rare resident in southwestern Kansas. 

123. Pedioecetes phasianellus campestris (Ridgw.). Prairie Sharp¬ 
tailed Grouse. Given by Doctor Snow as “a common resident in western 
Kansas.” They were not seen during the fall and summer of 1911, when 
a survey of that part of the state was being made. There is no authen' ic 
Kansas collected specimen of this Grouse in the University Museum. 

XXIII. Family MELEAGRIDJE. Turkeys. 

124. Meleagris gallopavo silvestris (Vieillot). Wild Turkey. Once 
an abundant resident in southern Kansas; now extremely rare if not 
already extinct. 

XXIV. Family COLUMBID JE . Pigeons. 

125. Ectopistes migratorius (Linn.). Passenger Pigeon. Now ex¬ 
tinct from the state. Given by Doctor Snow as a rare summer resident; 
once abundant. 

126. Zenaidura macroura carolinensis (Linn.). Mourning Dove. An 
abundant summer resident in the eastern part of the state. 

127. Zenaidura macroura margnella (-). Common in western 

part of the state. A new bird to the list. 

XXV. Family CATHARTID^E. American Vultures. 

128. Cathartes aura septentrionalis (Wied). Turkey Vulture. An 
abundant summer resident. 

129. Catharista urubu (Vieill.). Black Vulture. A very common 
summer resident. 

XXVI. Family BUTEONIDjE. Hawks, Eagles, Kites, Etc. 

130. Elanoides forficatus (Linn.). Swallow-tailed Kite. An irregular 
summer resident. 

131. Ictinia mississippiensis (Wils.). Mississippi Kite. A common 
summer resident in Barber and Comanche counties; irregularly nest¬ 
ing farther north. 

132. Circus hudsonius (Linn.). Marsh Hawk. Resident; common. 
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133. Accipiter velox (Wils.). Sharp-shinned Hawk. A winter so¬ 
journer. 

134. Accipiter cooperi (Bonap.). Cooper’s Hawk. Resident; common. 

135. Astur atricapillus atricapillus (Wils.). Goshawk. A very rare 
winter visitant. 

136. Buteo borealis borealis (Gmelin). Red-tailed Hawk. Resident; 
common. 

137. Buteo borealis krideri (Hoopes). Kreider’s Hawk. A visitant. 

138. Buteo borealis calurus (Cass). Western Red-tail. A not un¬ 
common winter sojourner. 

139. Buteo borealis harlani (Aud.). Harlan’s Hawk. Occasional. 

140. Buteo lineatus lineatus (Gmelin). Red-shouldered Hawk. Resi¬ 
dent; common in the southern part of the state. 

141. Buteo swainsoni (Bonap.). Swainson’s Hawk. Resident; com¬ 
mon. 

142. Buteo platypterus (Vieillot). Broad-winged Hawk; rare. 

143. Archibuteo lagopus sancti-johannis (Gmel.). Rough-legged Hawk. 
A common winter sojourner. 

144. Archibuteo ferrugineus (Licht.). Ferruginous Rough-leg. Resi¬ 
dent; common, except in eastern part. 

145. Aquila chrysaetus (Linn.). Golden Eagle. A rare resident; 
rather common in winter. 

146. Haliseetus leucocephalus leucocephalus (Linn.). Bald Eagle. A 
rare resident. 


XXVII. Family FALCONID^E. Falcons. 

147. Falco rusticolus rusticolus (Linn.). Gray Gyrfalcon. Acci¬ 
dental. Added to the list in 1881 by Dr. C. P. Blachley. 

148. Falco mexicanus (Schl.). Prairi.e Falcon. A rare resident. 

149. Falco peregrinus ar.atum (Bonap.). Duck Hawk. Resident; rare. 

150. Falco columbarius columbarius (Linn.). Pigeon Hawk. Migra¬ 
tory; rare. 

151. Falco columbarius richardsoni (Ridgw.). Richardson’s Pigeon 
Hawk. Migratory; rare in eastern, common in western Kansas. 

152. Falco sparverius sparverius (Linn.). Sparrow Hawk. Resident; 
abundant. 

153. Falco sparverius phalaeena (Lesson). Desert Sparrow Hawk. 
Common in the western part of the state. New to the list. Not in¬ 
cluded in Snow’s catalogue. 

XXVIII. Family FANDIONIDAE. Ospreys. 

154. Pandion haliaetus carolinensis (Gmelin). Osprey. A rare sum¬ 
mer resident. 

XXIX. Family ALUCONIDAS. Barn Owls. 

155. Aluco pratincola (Bonap.). Barn Owl. Resident. 

XXX. Family STRIGID^. Horned Owls, Etc. 

156. Asio wilsonianus (Less.). Long-eared Owl. Resident; common 
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157. Asio flammeus (Pontoppidan). Short-eared Owl. Resident; 
common. 

158. Strix varia varia (Barton). Barred Owl. Resident; common. 

159. Cryptoglaux acadica acadica (Gmelin). Saw-whet Owl. Winter 
sojourner; not common. 

160. Otus asio asio (Linn.). Screech Owl. Resident; abundant. 

161. Otus asio aikeni (Brewster). Aiken’s Screech Owl. Common 
resident in western Kansas. A new species for the state; added to the 
list, in the fall of 1911, by C. I). Bunker and T. A. Rocklund. 

162. Bubo virginianus virginianus (Gmelin). Great Horned Owl. 
Resident; common. 

163. Bubo virginianus palescens (Stone). Western Horned Owl. Com¬ 
mon in western part of state. Listed as accidental in Doctor Snow’s cata¬ 
logue. 

164. Nyctea nyctea (Linn.). Snowy Owl. Winter sojourner; rare. 

165. Speotyto cunicularia hypogaea (Bonap.). Burrowing Owl. Resi¬ 
dent; abundant in central and western Kansas. 

XXXI. Family PSITTACIDJE. Paroquets. 

166. Conuropsis carolinensis (Linn.). Carolina Paroquet. Formerly a 
common resident. Now extinct. 

XXXII. Family CUCULIDiE. Cuckoos, Anis, Etc. 

167. Crotophaga sulcirostris (Swains). Grove-billed Ani. Accidental. 
“A specimen of this bird was captured by a farmer near Emporia about 
the first of November, 1904. It is in the collection of the State Normal 
School, and was reported to me [Doctor Snow] by Prof. L. C. Wooster of 
that institution.” 

168. Geococcyx californianus (Lesson). Road-runner. Occasional in 
the southwestern part of Kansas. 

169. Coccyzus americanus amerieanus (Linn.). Yellow-belled Cuckoo. 
Summer resident; common. 

170. Coccyzus erythrophthalmus (Wils.). Black-billed Cuckoo. A 
rare summer resident. 

XXXIII. Family ALCEDINIDuE. Kingfisher. 

171. Ceryle alcyon (Linn.). Belted Kingfisher. Summer resident; 
common. 

XXXIV. Family PICID^]. Woodpeckers. 

172. Dryobates villosus villosus (Linn.). Hairy Woodpecker. Resi¬ 
dent; common. 

173. Dryobates pubescens medianus (Linn.). Downy Woodpecker. 
Resident; common. 

174. Sphyrapicus varius varius (Linn.). Yellow-bellied Sapsucker. 
Migratory; occasional. 

175. Sphyrapicus varius nuchalis (Baird). Red-napped Sapsucker. 
Migratory; rare. 

176. Phloeotomus pileatus abieticola (Bangs). Pileated Woodpecker. 
Perhaps extinct. Given by Doctor Snow “as a very rare resident.” 
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177. Melanerpes erythrocephalus (Linn.). Red-headed Woodpecker. 
A common summer resident. 

178. Asyndesmus lewisi (Riley). Lewis’s Woodpecker. A common 
visitant in western Kansas. One token in Douglas county by C. D. 
Bunker. 

179. Centurus carolinus (Linn.). Red-bellied Woodpecker. Resident; 
common. 

180. Colaptes auratus luteus (Bangs). Northern Flicker. Resident; 
common. 

181. Colaptes cafer collaris (Vigors.). Red-shafted Flicker. Resident; 
common in western Kansas, rare in the eastern part of the state. 

XXXV. Family CAPRIMULGID^. Nighthawks. 

182. Antrostomus carolinensis (Linn). Chuck-will’s-widow. Acci¬ 
dental. “A specimen of this bird was captured on the Arkansas river, 
south of Wichita, June 12, 1898, by Doctor Matthews, of Wichita, who 
submitted it to me for determination.”—[Quoted from Doctor Snow’s 
catalog ie.] A female of the species was collected April 30, 1912, in the 
heavy wooded bottoms near Hamilton, by G. C. Rinker. 

183. Antrostomus voeiferus vociferus (Wils.). Whippoorwill. Sum¬ 
mer resident; common. 

184. Phalaenoptilus nuttalli nuttalli (Aud.). Poorwill. A common 
summer resident. 

185. Phalaenoptilus nuttalli nitidus (Brewst.). Frosted Poorwill. A 
common summer resident. 

186. Chordeiles virginianus virginianus (Gmel.). Nighthawk. A 
common summer resident in eastern Kansas. 

187. Chordeiles virginianus henryi (Cass.). Western Nighthawk. A 
common summer resident in western Kansas. 

188. Chordeiles virginianus sennetti (Coues). Sennett’s Nighthawk. 
A not uncommon summer resident. Not included in Doctor Snow’s lists. 

XXXVI. Family MICROPOID^E. Swifts. 

189. Chaetura pelagica (Linn.). Chimney Swift. An abundant sum¬ 
mer resident. 

XXXVII. Family TROCHILID^E. Hummingbirds. 

190. Archilochus colubris (Linn.). Ruby-throated Hummingbird. A 
common summer resident. 

XXXVIII. Family TYRANNID^E. Tyrant Flycatchers. 

191. Muscivora forficata (Gmelin). Scissor-tailed Flycatcher. A 
summer resident; not uncommon in southern Kansas. They were common 
m the south part of the state in 1911. 

192. Tyrannus tyrannus (Linn.). Kingbird. Summer resident; abun¬ 
dant. 

193. Tyrannus verticalis (Say). Arkansas Kingbird. A common 
summer resident. 

194. Myiarchus crinitus (Linn.). Crested Flycatcher. An abundant 
summer resident in eastern Kansas. 
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195. Sayornis phcebe (Lath.). Phoebe. A common summer resident 
of eastern Kansas. 

196. Sayornis sayus (Bonap.). Say’s Phoebe. A common summer 
resident in western Kansas. 

197. Nuttallornis borealis (Swain.). Olive-sided Flycatcher. A rare 
summer resident. 

198. Myiochanes virens (Linn.). Wood Pewee. Summer resident; 
common. 

199. Myiochanes richardsoni richardsoni (Swain.). Western Wood 
Pewee. A rare summer resident. 

200. Empidonax virescens (Vieillot). Acadian Flycatcher. A not 
uncommon summer resident in eastern Kansas. 

201. Empidonax trailli trailli (Aud.). Traill’s Flycatcher. A not 
uncommon summer resident in eastern Kansas; common in western 
Kansas. 

202. Empidonax trailli alnorum (Brewster). Alder Flycatcher. A 
rare summer resident. 

203. Empidonax minimus (Baird). Least Flycatcher. Migratory; 
common. 

XXXIX. Family ALAUDID JE . Larks. 

204. Otocoris alpestris praticola (Henshaw). Prairie Horned Lark. 
A common summer resident in eastern Kansas. 

205. Otocoris alpestris leucolaema (Coues). Desert Horned Lark. 
A common summer resident. Doctor Snow listed arenicola, but that 
form is now listed under leucolsswa. 

XL. Family CORVIDS. Magpies, Crows, Jays, Etc. 

206. Pica pica hudsonia (Sab.). Magpie. Winter visitant in western 
Kansas; rare. 

207. Cyanocitta cristata cristata (Linn.). Blue Jay. Resident; abun¬ 
dant. 

208. Corvus corax sinuatus (Wagl.). Raven. Formerly a resident; 
now a rare visitant in western Kansas. 

209. Corvus cryptoleucus (Couch). White-necked Raven. A rare visi¬ 
tant in western Kansas. 

210. Corvus brachyrhynchos brachyrhynchos (Brehm.). Crow; abun¬ 
dant. 

211. Nucifraga Columbiana (Wilson). Clark’s Nutcracker. Acci¬ 
dental. 

212. Cyanocephalus cyanocephalus (Wied.). Pinon Jay. Accidental. 
XLI. Family ICTERID^. Blackbirds, Orioles, Etc. 

213. Dolichonyx oryzivorus (Linn.). Bobolink. A rare summer resi¬ 
dent; common in migration. 

214. Molothrus ater ater (Bodd.). Cowbird. An abundant summer 
resident. 

215. Xanthocephalus xanthocephalus (Bonap.). Yellow-headed Black¬ 
bird. A rare summer resident; abundant in migration. 

216. Agelaius phoeniceus phoeniceus (Linn.). Red-winged Blackbird. 
Summer resident. 
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217. Agelaius phoeniceus fortis (Ridgw.). Thick-billed Redwing. 
Common in migration. 

218. Agelaius phoeniceus aretolagus (-). Redwing. Migratory. 

New to list. 

219. Agelaius phoeniceus predatorius (-). Redwing. Migratory. 

New to list. 

220. Sturnella magna magna (Linn.). Meadowlark. Abundant resi¬ 
dent in eastern Kansas. 

221. Sturnella neglecta (Aud.). Western Meadowlark. An abundant 
resident in central and western Kansas; not uncommon in eastern Kansas. 

222. Icterus spurius (Linn.). Orchard Oriole. An abundant summer 
resident. 

223. Icterus galbula (Linn.). Baltimore Oriole. A summer resident 
in the eastern part of the state. 

224. Icterus bullocki (Swains.). Bullock's Oriole. Common in west¬ 
ern part of Kansas. 

225. Euphagus carolinus (Mull.). Rusty Blackbird. Winter so¬ 
journer. Common in migration. 

226. Euphagus cyanocephalus (Wagl.). Brewster’s Blackbird. An 
occasional resident in western Kansas. Common in migration. 

227. Quiscalus quiscula aeneus (Ridgw.). Bronze Grackle. Abundant. 

XLII. Family FRINGILLID7E. Finches, Sparrows, Etc. 

228. Hesperiphona vespertina vespertina (W. Cooper). Evening 
Grosbeak. A new bird for the list. One male collected by G. C. Rinker, 
December 12, 1910, at Hamilton, Kan. His notes state that a flock of 
twenty or twenty-five were seen, but being very shy, only one was shot. 

229. Hesperiphona vespertina montana (Ridg.). Western Evening 
Grosbeak. Migratory; rare. 

230. Carpodacus purpureus purpureus (Gmel.). Purple Finch. Win¬ 
ter sojourner; rare. 

231. Carpodacus mexicanus frontalis (Say). House Finch. Rare. 
Added to the list in 1894 by V. L. Kellogg and H. W. Menke. 

232. Loxia curvirostra minor (Brehm.). Crossbill. An occasional 
winter visitant. Noted by Doctor Snow. 

233. Loxia curvirostra stricklandi (Ridgw.). Mexican Crossbill. Oc¬ 
casional winter visitant. Entered as bendinl in Doctor Snow’s fifth 
catalogue, but as Mexican in previous lists. 

234. Loxia leucopteres (Gmelin). White-winged Crossbill. An ir¬ 
regular winter visitant. Not given in Doctor Snow’s lists, but added later. 

235. Acanthis linaria linaria (Linn.). Red-poll. Wintei visitant; rare. 

236. Astragalinus trstis tristis (Linn.). Goldfinch. Resident; abun¬ 
dant. 

237. Astragalinus tristis pallidus (Mearns). Pale Goldfinch. This 
is a new bird for the state. Several birds of this species were collected 
March 12, 1910, by Alex Wetmore, near Lawrence. 

238. Spinus pinus (Wilson). Pine Siskin. Winter resident; common. 

239. Plectrophenax nivalis nivalis (Linn.). Snow Bunting. Winter 
visitant; rare. 
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240. Calcarius lapponicus lapponicus (Linn.). Lapland Longsp ir. 
An irregular and sometimes abundant winter sojourner. 

241. Calcarius lapponicus alascensis (Ridgw.). Alaskan Longspur. 
Occasional in winter. Reported in the A. O. U. check list as wintering in 
western Kansas. Seven birds of this species were collected in December 
of 1908, in Douglas county, by C. D. Bunker and T. A. Rocklund. 

242. Calcarius pictus (Swains.). Smith's Longspur. Winter so¬ 
journer; common. 

243. Calcarius ornatus (Towns.). Chestnut-collared Longspur. Resi¬ 
dent. 

244. Rhynchophanes mccowni (Lawr.). MaCown’s Longspur. A 
common winter sojourner in western Kansas. 

245. Pooecetes gramineus gramineus (Geml.). Vesper Sparrow. A 
rare summer resident; a common migrant. 

246. Pooecetes gramineus confinis (Baird). Western Vesper Sparrow. 
Migratory in the western part of the state. New to the list. 

247. Passerculus sandwichensis savanna (Wils.). Savanna Sparrow. 
Migratory and abundant. 

248. Passerculus sandwichensis alaudinus (Bonap.). Western Sa¬ 
vanna Sparrow. Migratory; not uncommon. 

249. Ammodramus savannarum australis (Maynard). Grasshopper 
Sparrow. Abundant. 

250. Ammodramus savannarum bimaculatus (Swains.). Western 
Grasshopper Sparrow. Summer resident; abundant. New to the list. 

251. Passerherbulus henslowi henslowi (Aud.). Henslow’s Sparrow. 
Summer resident; rare. 

252. Passerherbulus lecontei (Aud.). Leconte's Sparrow. Migra¬ 
tory; common. 

253. Passerherbulus nelsoni nelsoni (Allen). Nelson's Sparrow. 
Listed by Doctor Snow as a rare summer resident. No specimen of this 
species in the University Museum. 

254. Chondestes grammacus grammacus (Say). Lark Sparrow. 
Summer resident; abundant. 

255. Chondestes grammacus strigatus (Swains.). Western Lark 
Sparrow. Common summer resident in central and western part of the 
state. New to the list. 

256. Zonotrichia querula (Nutt.). Harris's Sparrow. Winter so¬ 
journer; abundant. 

257. Zonotrichia leucophrys leucophrys (Forst.). White-crowned 
Sparrow. Migratory; common. 

258. Zonotrichia leucophrys gambel (Nutt.). Gambel's Sparrow. 
Migratory; common. Given in Doctor Snow’s list as “Intermedia"; that 
form is not recognized by the A. 0. U. check list now. 

259. Zonotrichia albicollis (Gmelin). White-throated Sparrow. Mi¬ 
gratory; common. 

260. Spizella monticola monticola (Gmel.). Tree Sparrow. Winter 
resident; abundant. 

261. Spizella monticola ochracea (Brewst.). Western Tree Sparrow, 
Not an uncommon winter sojourner in western Kansas. 
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262. Spizella passerina passerine (Brecht.). Chipping Sparrow. 
Summer resident; common in eastern Kansas. 

263. Spizella pallida (Swains.). Clay-colored Sparrow. Migratory; 
not uncommon. 

264. Spizella pusilla pusilla (Wils.). Field Sparrow. Summer resi¬ 
dent; common in eastern Kansas. 

265. Spizella pusilla arenacea (Chadbourne). Western Field Sparrow. 
The one Kansas collected specimen of the species in the University 
Museum was taken near Lawrence, October 23, 1874, by W. Osborn. 
This specimen is in Doctor Snow’s collection, but is not listed in his 
catalogue. 

266. Junco aikeni (Ridgw.). White-winged Junco. A rare winter 
visitant in western Kansas. A male and female were collected January 
1, 1911, in Lawrence, Kan., by C. D. Bunker and Logan Evans. 

267. Junco hyemalis hyemalis (Linn.). Slate-colored Junco. Winter 
sojourner; abundant. 

268. Junco hyemalis connectens (Coues). Shufeld’s Junco. Acci¬ 
dental- One specimen collected at Lawrence December 10, 1902, by John 
Rowley, and is now in the University collection. 

269. Junco hyemalis montanus (Ridgw.). Montana Junco. One im¬ 
mature female collected by C. D. Bunker and F. A. Wetmore near Law¬ 
rence, December 1, 1907, is in the University Museum. 

270. Peucaea cassini (Woodhouse). Cassin’s Sparrow. Listed by 
Doctor Show as a common summer resident in western Kansas. The one' 
specimen of this bird was collected in Wallace county, June 18, 1883, and 
is now in the University Museum. 

271. Melospiza melodia melodia (Wilson). Song Sparrow. A not 
uncommon winter sojourner and common in migration. 

272. Melospiza melodia juddi (Bishop). Dakota Song Sparrow. Mi¬ 
gratory in the western pan of the state. Several collected in the fall of 
1911 and 1912 by Bunker and Rocklund in the western part of the state. 

273. Melosipiza lincolni lincolni (Aud.). Lincoln’s Sparrow. Migra¬ 
tory; common. 

274. Melosipiza georgiana (Lath.). Swamp Sparrow. A rare winter 
sojourner in eastern Kansas; common in migration. 

275. Passerella iliaca iliaca (Merr.). Fox Sparrow. Winter so¬ 
journer; abundant in eastern Kansas, rare in western. 

276. Passerello iliaca schistacea (Baird). Slate-colored Fox Sparrow. 
Listed by Doctor Snow as a rare winter visitant. No Kansas collected 
specimen of this bird in the University Museum. 

277. Pipilo erythrophchalmus crythrophthalmus (Linn.). Towhee. 
Resident, except in sever winters; common in eastern Kansas. 

278. Pipilo maculatus arcticus (Swains.). Arctic Towhee. Winter 
sojourner; rare in eastern and western Kansas. 

279. Cardinalis cardinalis cardinalis (Linn.). Cardinal. Resident; 
common. 

280. Zamelodia ludoviciana (Linn.). Rose-breasted Grosbeak. Sum¬ 
mer resident; common. 
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281. Zamelodia melanocephala .(Swains.). Black-headed Grosbeak. 
Summer resident; common in western half of the state. 

282. Guiraca caerulea lazula (Lesson). Western Blue Grosbeak. A 
common summer resident in central and western Kansas. 

283. Passerina cyanea (Linn.). Indigo Bunting. A common summer 

resident in eastern Kansas. , 

284. Passerina amcena (Say). Lazuli Bunting. A rare summer resi¬ 
dent in western Kansas. 

285. Passerina ciris (Linn.). Painted Bunting. A common summer 
resident in southeastern Kansas. 

28G. Spiza americana (Gmelin). Dickissel. Summer resident; abun¬ 
dant in eastern and central Kansas. 

287. Calamospiza melanocorys (Stejn.). Lark Bunting. A common 
summer resident in western Kansas. 

288. Passer domesticus (Linn.). EYiglish Sparrow. Resident; abun¬ 
dant. 

XLIII. Family TANGARID^E. Tanagers 

289. Piranga ludoviciana (Wils.). Western Tanager. Casual in 
western Kansas. Given by Doctor Snow as accidental. 

290. Piranga erythromelas (Vieill.). Scarlet Tanager. An occasional 
summer resident. 

291. Piranga rubra rubra (Linn.). Summer Tanager. Summer resi¬ 
dent; common eastern Kansas. 

XLIV. Family HIRUNDINID^E. Swallows. 

292. Progne subis subis (Linn.). Purple Martin. Summer resident; 
common. 

293. Petrochelidon lunifrons lunifrons (Say). Cliff Swallow. Sum¬ 
mer resident; common. 

294. Hirundo erythrogastra (Badd.). Barn Swallow. Summer resi¬ 
dent; common. 

295. Iridoprocne bicolor (Vieill.). Tree Swallow. A rare summer 
resident; common in migration. 

296. Riparia riparia (Linn.). Bank Swallow. Summer resident; 
common. 

297. Stelgidopteryx serripennis (Aud.). Roughed-winged Swallow. 
A common summer resident. 

XLV. Family BOMBYCILLIDiE. Waxwings. 

298. Bombycilla garrula (Linn.). Bohemian Waxwing. Winter visit¬ 
ant; rare. 

299. Bombycilla cedrorum (Vieill.). Cedar Waxwing. Winter resi¬ 
dent; varying from rare to abundant in different years. 

XLVI. Family LANIIDJE. Shrikes. 

300. Lanius borealis (Vieill.). Northern Shrike. A common winter 
sojourner. 

301. Lanius ludovicianus excubitorides (Swains.). White-rumped 
Shrike. Summer resident. 
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302. Lanius ludovicianus migrans (W. Palmer). Migrant Shrike. 
Occasional. New to the list. 

XLVII. Family VIREONID^E. Vireos. 

303. Vireosylva olivacea (Linn.). Red-eyed Vireo. Summer resident; 
common. 

304. Vireosylva gilva gilva (Vieill.). Warbling Vireo. Summer resi¬ 
dent; common. 

305. Lanivireo falavifrons (Vieill.). Yellow-throated Vireo. Sum¬ 
mer resident; less common. 

306. Lanivireo solitarius solitarius (Wilson). Blue-headed Vireo. 

307. Vireo atricapillus (Woodhouse). Black-capped Vireo. A doubt¬ 
ful resident in southern Kansas. None seen by the museum collectors on 
their 1911 trip through that part of the state. One specimen in the 
University collection taken in Comanche county, 1885. 

308. Vireo griseus griseus (Bodd.). White-eyed Vireo. A common 
summer resident. 

309. Vireo belli belli (Aud.). Bell’s Vireo. Summer resident; com¬ 
mon. 

XLVIII. Family MNIOTILTID^S. Wood Warblers. 

310. Mniotilta varia (Linn.). Black-and-white Warbler. Summer 
resident; not uncommon. 

311. Protonotaria citrea (Bodd.). Protonotary Warbler. A common 
summer resident in eastern Kansas. 

312. Helmitheros vermivorus (Gmelin). Worm-eating Warbler. Mi¬ 
gratory; rare. 

313. Vermivora pinus (Linn.). Blue-winged Warbler. Visitant in 
migration. 

314. Vermivora rubricapilla rubricapilla (Wilson). Nashville Warb¬ 
ler. Rare and migratory. 

315. Vermivora celata celata (Say). Orange-Browned Warbler. Mi¬ 
gratory; common. 

316. Vermivora celata orestera. Western Orange-crowned Warbler. 
Migratory in the western part of the state. 

317. Vermivora peregrina (Wils.). Tennessee Warbler. Migratory; 
rare. 

318. Compsothlypis americana usneae (Brevvst.). Northern Parula 
Warbler. Common in migration. 

319. Dendroica aestiva aestiva (Gmel.). Yellow 'Warbler. Summer 
resident; abundant. 

320. Dendroica caerulescens caerulescens (Gmel.). Black-throated Blue 
Warbler. Migratory; rare. 

321. Dendroica coronata (Linn.). Myrtle Warbler. A sojourner in 
open winters; common in migration. 

• 322. Dendroica auduboni auduboni (Towns.). Audubon's Warbler. 
Migratory; common in western Kansas. 

323. Dendroica magnolia (Wils.). Magnolia Warbler. Migratory; 
rare. 

4—Univ. Sci. Bull.. Vol. VII. No. B. 
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324. Dendroica cerulea (Wils.). Cerulean Warbler. A rare summer 
resident; common in migration. 

325. Dendroica pensylvanica (Linn.). Chestnut-sided Warbler. Mi¬ 
gratory; rare. 

326. Dendroica striata (Forst.). Black-poll Warbler. Migratory; 
common. 

327. Dendroica fusca (Muller). Blackburnian Warbler. Migratory; 
rare. 

328. Dendroica virens (Gmel.). Black-throated Green Warbler. “I 
received a fragmentary skin of this species which had been identified by 
Mr. J. A. Allen, of the American Museum of Natural History, from Mr. 
F. F. Crevecoeur, of Onaga, Pottawatomie county, Kansas, who states, 
‘It was shot, as I can remember, in 1890, on French creek, three miles 
north of Onaga.' This species was included in the early editions of my 
catalogue of birds of Kansas upon the authority of Prof. S. J. Baird."— 
Quoted from Doctor Snow's Notes for 1903 on Birds of Kansas, vol. XIX, 
Transactions of the Kansas Academy of Science. 

329. Dendroica vigorsi (Aud.). Pine Warbler. A rare migrant in 
eastern Kansas. 

330. Dendroica palmarum palmarum (Gmelin). Palm Warbler. A 
rare migrant in eastern Kansas. 

331. Dendroica discolor (Vieill.). Prairie Warbler. A rare summer 
resident in eastern Kansas. 

332. Seiurus aurocapillus (Linn.). Oven-bird. A common summer 
resident in eastern Kansas. 

333. Seiurus noveboracensis notabilis (Ridgw.). Grinnell's Water 
Thrush. Migratory and rare. 

334. Sieurus motacilla (Vieill.). Louisiana Water Thrush. Summer 
resident. 

335. Oporornis formosus (Wils.). Kentucky Warbler. Summer resi¬ 
dent in eastern Kansas; common. 

336. Oporornis Philadelphia (Wils.). Mourning Warbler. Migra¬ 
tory; rare. 

337. Geothlypis trichas brachidactyla (Linn.). Northern Yellow- 
throat. A common resident. 

338. Icteria virens virens (Linn.). Yellow-breasted Chat. Common 
summer resident. 

339. Icteria virens longicauda (Lawr.). Long-tailed Chat. A not 
uncommon summer resident in western Kansas. 

340. Wilsonia citrina (Bood.) Hooded Warbler. A rare summer 
resident in eastern Kansas. 

341. Wilsonia pusilla pusilla (Wilson). Wilson's Warbler. Migra¬ 
tory; common. 

342. Wilsonia canadensis (Linn.). Canada Warbler. Migratory in 
eastern Kansas; rare. 

343. Setophaga ruticilla (Linn.). Redstart, Summer resident in 
eastern Kansas; common. 
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XLIX. Family MOTACILLIDjE. Wagtails. 

344. Anthus rubescens (Tunstall). Pipit. Migratory; common. 

345. Anthus spraguei (Aud.). Sprague’s Pipit. Migratory; rare in 
'eastern and common in western Kansas. 

L. Family MIMIDA3. Thrashers, Mockingbirds, Etc. 

346. Mimus polyglottos polyglottos (Linn.). Mockingbird. Common 
summer resident in the eastern part of the state. 

347. Mimus polyglottos leucopterus (Vigors). Western Mockingbird. 
Common in western part of the state; summer resident. New to the list. 

348. Dumetella carolinensis (Linn.). Catbird. Summer resident; 
common. 

349. Toxostoma rufum (Linn.). Brown Thrasher. An abundant sum¬ 
mer resident. 

LI. Family TROGLODYTID^E. Wrens. 

350. Salpinctes obsoletus obsoletus (Say). Rock Wren. Summer 
resident in central and western Kansas. 

351. Thryothorus ludovicianus ludovicianus (Latham). Carolina 
Wren. Resident; common. 

352. Thryomanes bewicki bairdi (Salv. & God.) Baird’s Wren. A 
not uncommon resident in southwestern Kansas. 

353. Thryomanes bewicki crytus (Oberholdster). Texas Wren. 
Common in southwestern part of Kansas. Not included in Doctor Snow’s 
lists. 

354. Troglodytes aedon parkmani (Aud.). Western House Wren. 
Summer resident; common. Given by Doctor Snow as aztectus. 

355. Nannus hiemalis hiemalis (Vieill.). Winter Wren. Winter 
sojourner; not uncommon. 

356. Cistothorus stellarus (Neuman). Short-billed Marsh Wren. 
Migratory; rare. 

357. Telmatodytes palustris iliacus (Ridgw.). Prairie Marsh Wren. 
A rare summer resident. Listed in previous catalogues as Telmatodytes 
fjolvstris (Wils.) : Long-billed Marsh Wren; but this bird does not belong 
to this range. 

LII. Family CERTHIID^E. Creepers. 

358. Certhia familiaris americana (Bonap.). Brown Creepers. Com¬ 
mon winter sojourner. 

LIII. Family SITTIDAC. Nuthatches. 

359. Sitta carolinensis carolinensis (Latham). White-breasted Nut¬ 
hatch. Resident; common. 

360. Sitta canadensis (Linn.). Red-breasted Nuihatch. Migratory; 
rare. 

LIV. Family PARID.E. Titmouse. 

361. Baelophus bicolor (Linn.). Tufted Titmouse. Resident; abun¬ 
dant. 
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362. Penthestes atricapillus atricapillus (Linn.). Chickadee. Resi¬ 
dent; common in the eastern part of the state. 

363. Penthestes atricapillus septentrionalis (Harris). Long-tailed 
Chickadee. A common resident. 

LV. Family SYLVIID^E. Kinglets, Gnatcatchers. 

364. Regulus satrapa satrapa (Licht.). Golden-crowned Kinglet. A 
common winter sojourner. 

365. Regulus calendula calendula (Linn.). Ruby-crowned Kinglet. A 
common winter sojourner. 

366. Pilioptila caerulea caerulea (Linn.). Blue-gray Gnatcatcher. 
A rare summer resident; common in migration. 

LVI. Family TURDID^E. Thrushes, Robins, and Bluebirds. 

367. Myadestes townsendi (Aud.). Townsend's Solitaire. An oc¬ 

casional fall and winter visitant. 

368. Hylocichla mustelina (Gmelin). Wood Thrush. A common 
summer resident. 

369. Hylocichla fuscescens salicicola (Ridg.). Willow Thrush. Mi¬ 
gratory; rare. New to the list. 

370. Hylocichla aliciae aliciae (Baird). Grey-cheeked Thrush. Migra¬ 
tory; rare. 

371. Hylocichla ustulata swainsoni (Tschudi). Olive-backed Thrush. 
Migratory; common. 

372. Hylocichla guttata pallasi (Cabinis). Hermit Thrush. Migra¬ 
tory; rare. 

373. Hylocichla guttata auduboni (Baird). Rocky Mountain Hermit 
Thrush. 

374. Planesticus migratorius migratorius (Linn.). Robin. Resident; 
abundant. 

375. Planesticus migratorius propinquus (Ridg.). Western Robin. A 
rare winter visitant in western Kansas. Accidental in eastern Kansas. 

376. Planesticus migratorius achrusterus (Batch.). Southern Robin. 
Seven were collected in Douglas county in the spring of 1901. New to 
the list and to the state. 

377. Ixoreus naevius naevius (Gmelin). Varied Thrush. Accidental. 
Added to the list in 1894 by V. L. Kellogg and H. W. Menke. 

378. Sialia sialis sialis (Linn.). Bluebird. A common resident in 
eastern and central Kansas; rare in western Kansas. 

379. Sialia currucoides (Bechstein). Mountain Bluebird. Occasional 
in western Kansas. Given by Doctor Snow as “a common winter so¬ 
journer in western Kansas; rare in eastern Kansas." 
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F OR some time past local forms of millipedes and centipedes 
have been accumulating in the museum of the University 
of Kansas. During the past three years their number has 
been greatly augmented by the collections made on the summer 
trips of the State Biological Survey, and this in spite of the 
fact that the extreme dry weather during all of these sum¬ 
mers made the finding of such forms verv difficult. This con¬ 
dition probably accounts for the almost total absence of mem¬ 
bers of the family Craspedosomidae. During the summer of 
1910 the survey party started in Trego county, in western 
Kansas, and then traveled east to Lawrence. The following 
year the route ran south from Lawrence to the southeast 
corner of the state, then west seventy-five miles, and then 
north again to the starting point. The route taken in 1912 
was southwest from Lawrence to Elk and Butler counties, 
returning north to Junction City, in Geary county. Besides 
the work of the survey, a large part of the collecting has been 
done by the writer in Cowley, Douglas and Jefferson counties. 
Also, the collection has been added to by Mr. R. D. Lindsey 
from Labette and Montgomery counties, by Mr. E. H. Taylor 
from Anderson county, and by Mr. G. D. Hanna from various 
points in the state. 

Received for publication September 2o, 1912. 
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As practically no records of these classes have been made 
from Kansas since the work of Cragin in 1885, which was of a 
very fragmentary character, Dr. C. E. McClung suggested to 
me that I work over the material on hand. The following 
paper is the result; and gives the list of species collected in 
Kansas now in the museum. Also, mention is made of all other 
species known to me to have been previously recorded from 
the state. Undoubtedly this list does not include all the species 
that will be found to occur in the state, and it is my intention 
to publish a future paper giving the results of further collect¬ 
ing. 

I have not attempted to give a list of synonyms under each 
species, but simply a reference to the original description and 
to the latest change in name, where necessary. The grouping 
into orders and families follows the writings of Dr. 0. F. 
Cook for the class Diplopoda, and of Dr. Ralph V. Chamberlain 
for the class Chilopoda. I wish to thank Professor McClung 
for the kind assistance he has given me in the classifying of 
this material, and in the preparation of this paper. 

Class DIPLOPODA. 

Order MEROCHETA. 

Family XYSTODESMIDvE. 

1. Fontaria virginiensis (Drury). 

Julus virginiensis Drury. Ins. Exot., I, t. XLIII, fig. 8 (1770). 

Fontaria virginiensis Gray. In Griffith’s Animal Kingd., Ins. 
I, t. CXXXV, fig. 1 (1832). 

A few of the specimens are white in color, with a dark slate-colored 
median line extending from the third or fourth segment to the penulti¬ 
mate. I judge these tQ.be freshly moulted specimens, as there seem 
to be no specific differences otherwise. 

Habitat: Anderson Co. (E. H. Taylor); Cowley Co. (writer); Green¬ 
wood, Labette and Montgomery counties (Biol. Survey); Wyandotte 
Go. (G. D. Hanna). Also reported from Shawnee Co. by Cragin. 

Family CHELODESMID^E. 

2. Leptodesmus hispidipes (Wood). 

Polyde8mu8 hispidipes Wood. Proc. Phila. Acad., 1864, p. 7. 

Leptodesmus hispidipes Bollman. Entom. Americ., vol. IV, p. 2 
( 1888 ). 

Habitat: Cowley, Douglas and Jefferson counties (writer). 
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3. Leptodesmus placidus (Wood). 

Polyde8mu8 placidus Wood. Proc. Phila. Acad., 1864, p. 9. 
Leptodesmus placidus Bollman. Bull. 46, U. S. Natl. Mus., p. 
122 (1893). 

Recorded from Jefferson county under the name Polydesmus floridus, 
by Cragin. 

4. Oxidus gracilis (C. L. Koch). 

Fontaria gracilis Koch. Syst. der Myriop., p. 142 (1847). 

Oxidus gracilis Cook. Proc. U. S. Natl. Mus., vol. XL, p. 631 
(1911). 

Collected in greenhouses. It is probably distributed throughout the 
state. 

Habitat: Winfield, Cowley Co. (A. I). Shaftesbury); Lawrence, 
Douglas Co. (G. D. Hanna). 

Family POLYDESMIILE. 

5. Polydesmus pinetorum (Bollman). 

Polydesmus piuetorum Bollman. Entom. Americ., vol. IV, 
p. 3 (1888). 

Habitat: Anderson Co. (E. H. Taylor) ; Bourbon and Butler Cos. 
(Biol. Survey); Cowley Co. (writer); Douglas Co. (E. H. Taylor and 
writer) ; Franklin Co. (Biol. Survey) ; Jefferson Co. (writer) ; Potta¬ 
watomie and Shawnee Cos. (Biol. Survey) ; Sumner Co. (writer). 

6. Polydesmus serratus (Say). 

Polydesmus serratus Say. Jour. Phila. Acad., vol. II, p. 106 
(1821). 

Habitat: Coffey Co. (Biol. Survey). 

7. Scytonotus granulatus (Say). 

Polydesmus granulatus Say. Jour. Phila. Acad., vol. II, p. 107 
(1821). 

Scytonotus granulatus Bollman. Bull. 46, IJ. S. Natl. Mus., 
p. 146 (1893). 

This seems to be one of the rarer millipeds, as there are only three 
specimens in the collection. 

Habitat: Douglas Co. (writer); Shawnee Co. (G. D. Hanna). 

Order COELOCHETA. 

Family CRASPEDOSOMID^E. 

8. Cleidogona sp.? 

Cleidogona Cook & Collins. Ann. N. Y. Acad. Sci., vol. IX, p. 41 
(1896). 

2-Univ. Sci. Bull. Vol. VII, No. 6. 
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I find in the collection a single specimen of this genus. As it is a fe¬ 
male, I am unable to refer it to a species, as the specific characters are 
very largely based on the form of the male copulatory appendages. 
Habitat: Douglas Co. (G. D. Hanna). 

Family LYSIOPETALID^E. 

9. Lysiopetalum lactarium (Say). 

Juius lactarium Say. Jour. Phila. Acad., vol. II, p. 104 (1821). 
Lysiopetalum lactarium Packard. Amer. Natur., vol. XVII, 
p. 555 (1883). 

One specimen collected was found feeding on the crushed abdomen of 
a freshly killed cricket. 

Habitat: Anderson Co. (E. H. Taylor) ; Bourbon, Chase and Cherokee 
Cos. (Biol. Survey) ; Cowley and Douglas Cos. (writer) ; Elk, Graham 
and Greenwood Cos. (Biol. Survey) ; Jefferson Co. (writer); Marion, 
Osage, Pottawatomie and Riley Cos. (Biol. Survey) ; Sumner Co. (W. O. 
Riley) ; Trego Co. (Biol. Survey). 

ORDER ANOCHETA. 

Family SPIROBOLI1Y/E. 

10. Arctobolus marginatus (Say). 

Juius marginatus Say. Jour. Phila. Acad., vol. II, p. 105 (1821).. 
Arctobolus marginatus Cook. Harr. Alaska Exped., vol. VIII, 
p. 65 (1904). 

Habitat: Anderson Co. (E. H. Taylor) ; Bourbon Co. (Biol. Survey) ; 
Butler Co. (E. C. Harrah) ; Cherokee and Coffey Cos. (Biol. Survey); 
Cowley Co. (writer); Douglas Co. (G. D. Hanna and writer); Jeffer¬ 
son Co. (writer); Labette and Linn Cos. (Biol. Survey); Montgomery 
Co. (R. D. Lindsey); Wyandotte Co. (G. D. Hanna). 

11. Tylobolus uncigerus (Wood). 

Spirobolns uncigerus Wood. Proc. Phila. Acad., 1864, p. 15. 
Tylobolus uncigerus Cook. Harr. Alaska Exped., vol. VIII, p. 
67 (1904). 

Under the name Spirobolns uncigerus, this species is recorded from 
Shawnee county by Cragin. Other recorded localities for this species are 
restricted to California and Oregon, so I do not believe it occurs in Kansas. 

Order ZYGOCHETA. 

Family PARAJULID.®. 

12. Parajulus diversifrons (Wood). 

Juius diversifrons Wood. Proc. Phila. Acad., 1867, p. 43. 
Parajulus diversifrons Bollman. Bull. 46, U. S. Natl. Mus., p. 
119 (1893). 

Some of the specimens referred to this species are females, and doubt¬ 
fully P. diversifrons , but each locality is represented by well-defined males. 
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Habitat: Cowley Co. (writer); Douglas Co. (G. D. Hanna); Norton 
.Co. (C. D. Bunker). 

13. Parajulus impressus (Say). 

Julus impressus Say. Jour. Phila. Acad., vol. II, p. 102 (1821). 
Parajulus impressus Bollman. Bull. 46, U. S. Natl. Mus., p. 
183 (1893). 

Habitat: Clay Co. (W. E. Wolking); Coffey Co. (Biol. Survey) ; Cow¬ 
ley Co. (writer) ; Douglas Co. (G. D. Hanna and writer) ; Franklin and 
Graham Cos. (Biol. Survey) ; Jefferson Co. (writer); Labette and Mont¬ 
gomery Cos. (Biol. Survey) ; Sumner Co. (writer) ; Trego Co. (Biol. 
Survey). 

14. Parajulus venustus (Wood). 

Julus vevustus Wood. Proc. Phila. Acad., 1864, p. 10. 
Parajulus venustus Bollman. Bull. 46, U. S. Natl. Mus., p. 
183 (1893). 

There is a single male specimen in the collection. It agrees well with 
Wood’s description and figures. 

Habitat: Winfield, Cowley Co. (writer, Mar. 1911). Also recorded 
from “Kansas” by Bollman. 

Class CIIILOPODA, 

Order SCHIZOTARSIA. 

15. Scutigera forceps (Rafinesque). 

Selista forceps Rafinesque. Ann. of Nature, vol. I, p. 7 (1820). 
Scutigera forceps Meinert. Proc. Amer. Phil. Soc., vol. XXI, p. 
171 (1885). 

This species is undoubtedly distributed throughout the greater part of 
the state. 

Habitat: Cowley Co. (writer); Douglas Co. (D. H. Wenrick and 
writer); Montgomery Co. (Biol. Survey); Sumner Co. (writer). It is 
also reported by Cragin from Barber, Labette and Shawnee counties. 

Order ANAMORPHA. 

Family LITHOBIID^E. 

16. Lithobius forficatus (Linnaeus). 

Scolopendra forficata Linnaeus. Syst. Nat., I, p. 638 (1758). 
Lithobius forficatus Leach. Trans. Linn. Soc., vol. XI (1815). 

In the adult specimens the coxal pores vary from 5. 5, 5, 4 to 6, 6, 7, 5. 
This number is smaller than usually assigned to this species. 

Habitat: Cowley Co. (writer) ; Labette Co. (R. D. Lindsey); Sumner 
Co. (W. O. Riley). 

17. Lithobius jowensis Meinert. 

Lithobius jowensis Meinert. Proc. Amer. Phil. Soc., vol. XXI, 
p. 177 (1885). 
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Habitat: Anderson Co. (E. H. Taylor); Bourbon and Coffey Cos. 
(Biol. Survey) ; Cowley and Douglas Cos. (writer) ; Franklin and Gra-. 
ham Cos. (Biol. Survey) ; Jefferson Co. (writer) ; Labette, Linn and 
Pottawatomie Cos. (Biol. Survey) ; Reno Co. (G. D. Hanna) ; Sumner 
Co. (W. O. Riley); Trego Co. (Biol. Survey). 

18. Lithobius kansensis, n. sp. 

General color light brown; posterior segments lighter. Legs and 
sterna yellow. 

Angles of the eleventh and thirteenth dorsal plates produced, but not 
very sharply. Those of the eleventh are sometimes almost straight. 

Head rather small, wider than long (2.7:2.4), almost round in shape, 
the posterior margin being less convex than the anterior margin or sides, 
thus making the posterior part of the head wider than the anterior. A 
median groove in front, from which a plainly marked furrow extends 
posteriorly for about a fourth of the length of the head. Slightly pilose. 

Antenna* short, 2 mm. in length; composed of from 28 to 32 articles. 
All the articles short except the first two and the last one; rather densely 
pilose. 

Ocelli nine to thirteen, arranged in three series; prominent. 

Prosternal teeth 2 + 2, large. 

Pores on the ventral surface of the coxae of the last four pairs of legs 
numbering 2, 3, 3, 3, to 3, 4, 4, 4; all round, the proximal being the 
smallest. 

Spines on the ventral surface of the first legs, 0, 0, 1 in number; of 
the penultimate legs, 1, 3, 3, 1, and armed at the end with two claws; of 
the anal legs, 1, 3, 1, 0, with two claws at the end. 

Claw of the female genitalia wide, distinctly tripartite, the middle lobe 
the longest; basal spines (two on each side) short, stout, the inner the 
shorter. 

Length, 8-10 mm. 

Habitat: Cowley and Douglas Cos. (writer). The type specimens 
were collected by the writer at Lawrence, Douglas county, during April, 
1912. Most of the specimens were found under the bark of old logs in 
damp weather. 

This species is closely related to L. cantabrigensis Meinert, but differs 
in respect to the number of articles in the antennae, the number of coxal 
pores, and the number of eyes. 

19. Lithobius transmarinus (L. Koch). 

Lithobius transmarinus Koch. Die. Myriap. Lith., p. 33 (1862). 

This is by far the most common species of Lithobius in the state. It is 
found under almost anything that will give shelter. It is an especially 
good dry-weather form. 

Habitat: Anderson Co. (E. H. Taylor) ; Bourbon, Chase and Cherokee 
Cos. (Biol. Survey); Cowley and Douglas Cos. (writer); Graham and 
Greenwood Cos. (Biol. Survey); Jefferson Co. (E. S. Tucker); Labette, 
Marion and Montgomery Cos. (Biol. Survey) ; Norton Co. (C. D. Bunker); 
Osage Co. (Biol. Survey); Reno Co. (G. D. Hanna); Riley, Rooks and 
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Shawnee Cos. (Biol. Survey); Sumner Co. (writer); Trego Co. (Biol. 
Survey). It is also reported from Barber county by Cragin, under the 
name Neolithobius mordax (a synonym), and Bollman states that L. mor- 
dax occurs in Kansas. 

20. Poabius bilabiatus (Wood). 

Lithobius bilabiatus Wood. Proc. Phila. Acad., 1867, p. 130. 
Poabius bilabiatus Chamberlin. Ann. Entom. Soc. Amer., vol. V, 
p. 153 (1912). 

All of the specimens in the collection are of small size, varying from 
7 mm. to 12 mm. in length. While this species is scarce, it seems to have 
a wide distribution in the state. 

Habitat: Cowley and Douglas Cos. (writer) ; Graham Co. (Biol. Sur¬ 
vey) ; Sumner Co. (W. 0. Riley); Trego Co. (Biol. Survey). 

Order EPIMORPHA. 

Family CRYPTOPIDA3. 

21. Otocryptops sexspinosus (Say). 

Cryptops sexspinosus Say. Jour. Phila. Acad., vol. II, p. 112 
(1821). 

Otocryptops sexspinosus Pocock. Ann. and Mag. Nat. Hist., 
ser. 6, vol. XV, p. 351 (1895). 

Color, adult, deep orange; young, yellow. The largest specimens in the 
collection measure 57 mm. in length. This form is common under stones 
and boards, especially around old buildings. One specimen collected by 
the writer was carrying a mass of eggs suspended under the middle of 
her body, and held there by the legs. This mass measures 10 mm. long 
by 6 mm. wdde. The eggs are yellow in color and measure 1.3 mm. in 
diameter. 

Wood shows the anterior margin of the labium in this species to be 
nearly straight; in all of the forms studied, a median notch is well marked. 

Habitat: Anderson Co. (E. II. Taylor); Bourbon Co. (Biol. Survey); 
Butler Co. (E. C. Harrah and Biol. Survey) ; Cherokee Co. (Biol. Sur¬ 
vey) ; Cowley Co. (writer); Crawford Co. (Biol. Survey); Douglas Co. 
(G. D. Hanna, Biol. Survey, and writer) ; Franklin, Graham and Green¬ 
wood Cos. (Biol. Survey) ; Jefferson Co. (writer) ; Labette Co. (R. D. 
Lindsey and Biol. Survey) ; Linn Co. (Biol. Survey) ; Montgomery Co. 
(R. D. Lindsey and Biol. Survey) ; Osage, Osborne, Pottawatomie, Riley, 
Rooks and Shawnee Cos. (Biol. Survey) ; Sumner Co. (writer; ; Trego Co. 
(Biol. Survey). It was pr viously reported from Jefferson Co. by Cragin. 

Family SCOLOPENDRID^E. 

22. Scolopendra heros (Girard). 

Scolopendra heros Girard. In Marcy’s Exp. Red River, App. F, 
p. 262 (1853). 

The largest specimen in the collection measures 114 mm. in length. 
So far found only in the southern part of the state. 
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Through the kindness of Prof. C. H. Edmondson, of Washburn College, 
I have examined two individuals of this species collected by Cragin in 
Barber county. The larger one measures 140 mm. These two specimens 
are all that remain of Prof. Cragin’s Myriapoda collection, as the re¬ 
mainder were destroyed by fire. 

Habitat: Cowley Co. (writer); Elk Co. (Biol. Survey); Labette Co. 
(R. D. Lindsey and Biol. Survey) ; Montgomery Co. (Biol. Survey). This 
is also reported from Barber county by Cragin, as above mentioned. 

23. Scolopendra morsitans (Linnaeus). 

Scolopendra morsitans Linnaeus. Syst. Nat., X, p. 638 (1758). 
Under the name Scolopendra morsitans var. ccernlescens, Cragin re¬ 
ports a single specimen of this species from Barber county. It is a very 
doubtful record for the state. 

24. Scolopendra polymorpha (Wood). 

Scolopendra polymorplm Wood. Proc. Phila. Acad., 1861, p. 11. 
Probably found throughout the state, but more common in the southern 
and western portions. 

Habitat: Butler and Chase Cos. (Biol. Survey); Cowley and Douglas 
Cos. (writer); Ellsworth Co. (A. Wellington); Graham and Greenwood 
Cos. (Biol. Survey) ; Jefferson Co. (writer); Labette Co. (R. D. Lindsey 
and Biol. Survey); Marion Co. (Biol. Survey) ; Montgomery Co. (R. D. 
Lindsey and Biol. Survey) ; Norton Co. (C. D. Bunker) ; Riley Co. (Biol. 
Survey); Russell Co. (W. S. Sutton); Trego Co. (Biol. Survey). Wood 
reports this species from Kansas, and it is recorded by Cragin from 
Barber, Finney and Rice counties. 

Family GEOPIIILID^. 

25. Arenophilus bipuncticeps (Wood). 

Geophilus bipuncticeps Wood. Jour. Phila. Acad., vol. V, p. 45 
(1862). 

Arenophilvs bipuncticeps Chamberlin. Bull. Mus. Comp. Zool. 
Harvard, vol. LIV, p. 417 (1912). 

This is one of the most common centipedes. It lives under dung, stones, 
and pieces of wood, and is often found in the loose soil of gardens. It 
seems to be able to stand dry weather better than most species, as they 
seem to be as numerous after a long dry spell as when the ground is moist. 

Habitat: Anderson Co. (E. H. Taylor); Bourbon Co. (Biol. Survey); 
Butler Co. (E. C. Harrah) ; Cherokee Co. (Biol. Survey) ; Cowley Co. 
(writer); Douglas Co. (E. H. Taylor, Biol. Survey, and writer); Graham 
and Greenwood Cos. (Biol. Survey); Jefferson Co. (writer); Labette Co. 
(R. D. Lindsey and Biol. Survey); Marion, Montgomery, Osage, Osborne, 
Pottawatomie, Riley, Rooks and Shawnee Cos. (Biol. Survey); Sumner 
Co. (W. 0. Riley and writer) ; Trego Co. (Biol. Survey), AIsq reported 
from Jefferson county by Cragin. 
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26. Arenophilus osborni, n. sp. Plate XVI, figs. 1, 2 and 3. 

Body robust, round, attenuated at both anterior and posterior ends. 
Color, Naples yellow, with a light brown, rather large spot on nearly 
every segment. Head and antennae light orange; feet and sides lighter 
than dorsal; ventral side slightly lighter than dorsal, without dark spots. 

Cephalic plate about as broad as long (32:34). The two sides of the 
anterior margin slightly concave, each extending from the center at a 
slight angle backwards. Sides somewhat convex, having well-rounded 
corners at the posterior ends. Posterior margin truncate, straight. Cov¬ 
ered with fine punctations; also larger ones scattered over the surface, 
in each of which a hair probably grows, as several still contain them, 
making the cephalic plate sparsely pilose; hairs not arranged in rows, 
but irregularly scattered over the surface. A group of four or five hairs 
on lateral margins, just back of the anteriolateral corners. 

Prebasal plate slightly exposed at the center. 

Mandibles large, when closed reaching to the middle of the first joint 
of the antennae. Armed at the base with a single very minute tooth. 
Slightly pilose. 

Labium longer than broad (5:4). Very slightly emarginate. On type 
no trace of a median canal; on male (?) specimen median canal distinct, 
but this is probably due to the latter specimen having been dried before 
preserving. Finely punctate. 

Antennae rather long, the first five or six joints covered with long hairs, 
the remaining with short hairs. The hairs gradually become more nu¬ 
merous and shorter from the proximal to the distal end. 

The dorsal plates are minutely punctate (similar to the head) ; bi- 
sulcate, with rather broad, shallow furrows; a few scattered hairs over 
the surface. 

The ventral plates are distinctly bisulcate, with a small, nearly round 
median depression, which becomes somewhat elongate posteriorly. 

The spiracles are oval on the first four or five segments, the remainder 
being round. They gradually become smaller towards the caudal end. 

The coxal pores empty into two large pores on each side of a rather 
broad ventral plate (a generic character). 

The anal legs are sparsely pilose and armed with a single claw. Not 
swollen. 

Number of legs; g (?), 53; cj> , 59. Length, <j> , 57 mm. 

Habitat: Cowley Co. (type) (writer); Bourbon Co. (Biol. Survey). 

Named in honor of Prof. Henry L. Osborn, of Hamline University, my 
former teacher. 

There are only two specimens of this species in the collection, and the 
one from Bourbon county is in bad condition owing to its having been 
crushed and dried before it was preserved. It has lost the anal legs, and 
so I am not positive it is a male, but believe so from the number of legs, 
53, instead of 59, as in the female type. 

27. Geophilus dolichocephalus, n. sp. Plate XX, figs. 4, 5 and 6. 

Color, light orange, with a dark orange head. Young specimens are 

yellow with an orange head. Legs yellow. About the same size for the 
first two-thirds of its length, attenuated from this point backwards. 
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Head large, much longer than wide (5.5:3.4 or 6.3:4), with the cephalic 
margin slightly truncated, about equal in width to the caudal margin, 
which is distinctly rounded. The mandibles are large, extending to the 
base of the third joint of the antennae. They are armed with four teeth, 
the distal one of which is prominent and black in the adult; the other 
three are small. The coxae of the mandibles are longer than broad (19:11) 
and have a slight indentation on the inner surface, distally. The labium 
is large and square (1:1), and is clearly but not prominently notched. 
It is not canalate. 

The antennae are short, the first eight joints being sparsely covered 
with rather long hairs, and the distal seven joints being densely pilose 
with very short hairs. 

The dorsal plates are distinctly bisulcate, with the exception of the 
caudal four or five. 

The ventral plates have a distinct median depression, which anteriorly 
extends from the cephalic to the caudal margin of the plates, but posteriorly 
it becomes shorter, occupying the middle part as a long, oval depression. 

The spiracles are oval cephalad and round mesad and caudad, growing 
smaller towards the posterior end. 

The coxae and joints of the anal legs are rather swollen. The coxal 
pores are round, arrangement irregular, except that most of them are on 
the ventral surface near and partly concealed by the ventral plate, while 
a few are grouped near the edge or partly under the dorsal plate. They 
vary in number from 21 to 25. The anal legs in the female are pilose 
with rather long hairs, while in the male they are covered with fine hairs, 
especially distally, among which are numerous longer hairs. 

Legs, pilose; in number, 63 to 69 pairs. Length, 42-45 mm. 

Habitat: Bourbon Co. (Biol. Survey); Cowley Co. (type) (writer). 

Etymology: nohyo^, long; /»#'*//,, head. 

This species is related to G. stngosus (McNeill), recorded from Indiana, 
but differs from the latter in the following points: 

O. strigosus (McNeill). , 0. tlolichocephaltui, n. sp. 

Head, longer than wide (3.3:2.1), Hoad, longer than wide (5.5:3.4 or 

cephalic margin truncate, caudal margin 6.3:4); shape the same, 
rounded. 

Antenuep short, sparsely pilose, almost Antonme apparently shorter; first eight 

bare proximal. joints sparsely covered with long hairs; 

distal seven joints densely pilose with very 
short hairs. 

Mandibles armed with two very minute Mandibles large, armed with four teeth, 

teeth each. the distal one large and black in adult. 

Labium obsoletely canaliculate, and Labium not canaliculate, and distinctly 

scarcely emarginate. emarginate, especially in adults. 

Ventral plates with a distinct raesal de- Well-marked mesal depression present; 

pression, elongate, forming a shallow oval. cephalad, forming a distinct groove from 

anterior to posterior margins of plate; 
cuudad, forming an elongated oval. 

Number of pairs of legs, 55. Number of pairs of legs, 63 to 69. A 

specimen 22 mm. long has 69 pairs. 

Length, 23.5 mm. Length, adult, 42-45 mm. 

The above characters applied to G, dolichocephalus are as ti^ie of speci¬ 
mens 25 mm. long as of the full-grown specimens. 

I know little of the habits of this species, except that they were col¬ 
lected with and placed in a bottle containing a large number of Areno- 
philus bipuncticeps (Wood); so I judge their habits are similar. 
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28. Geophilus mordax (Meinerl). 

Geophilus mordax Meinert. Proc*. Amer. Phil. Soc , vol. XXI, p. 
217 (1885). 

Rare. Those from Cowley county were collected under stones along 
the banks of a small creek in dry weather. 

Habitat: Cowley Co. (writer); Douglas Co. (G. D. Hanna). 

29. Linotaenia fulva (Sager). 

Strigamia fulva Sager. Proc. Phila. Acad., vol. VIII, p. 109 
(1856). 

Linottenia fulva Bollman. Proc. U. S. Natl. Mus., vol. XI, p. 
341 (1888). 

Not common. 

Habitat: Cowley and Douglas Cos. (writer) ; Franklin Co. (Biol. 
Survey); Norton Co. (C. D. Bunker); Riley Co. (Biol. Survey). 

KEY TO THE MYRIAPODA OF KANSAS. 

The following key covers all of the species of Diplopoda and 
Chilopoda that have so far been recorded from the state of 
Kansas, with the exception of Tylobolm unrig er us, which un¬ 
doubtedly does not occur in this state. In choosing characters 
to be used, those have been taken which seem to the writer to 
be the most readily understood, and to require the least possible 
study for their use, thus making as serviceable a key as pos¬ 
sible. It is of course understood that this key has been made 
especially for the species enumerated, and many of the char¬ 
acters would not hold good if other forms were added to the 
list. In making the key, the following references have been of 
special value: 

Bollman, Chas. H., “Myriapoda of North America,” Bull. No. 46, U. S. 

National Museum (1893). 

Chamberlin, Ralph V., numerous papers. 

Cook, O. F., “Myriapoda of Northwestern North America,” Harriman 
Alaska Exped., vol. VIII (1904). 

KEY. 

* MoRt of the segments with two pairs of legs; antennw with 5 to 8 segments; one pair 
of maxilla* (Diplopoda). 

A. Segments 20; repugnato. ial pores on 5, 7, 9, 10, 12, 13, 15-19 segments. 

B. Femora of legs spincd ; lateral enrime more or less bent downwards. 

Fontaria virffiniensis. 

BB. Femora of legs not spincd. 

0 Dorsal plates smooth with a longitudinal sulcus, lateral oarinre small; 

body narrow; lives in hothouses. Oxidus uracUit. 

CO. Dorsal plains smooth or scaly, not distinctly suleato; lateral cannot 
largo; body wide. 

D. Bach convex, smooth; lateral earimo not serrate. 

E. Male genital appendages shoi t, their terminal spine 
single, curved, densely pilose. . . .Leptodesmvs hispidiptJ. 

a-Univ. Sci. Bull.. Vol. VII, No. 6. 
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A A. 

AAA. 


EE. Mule genital appendages elongate; terminal spine large, 
spiral, furnished with a long, falciform, basal spinule, 
and a second short, robust lateral one. 

Leptodesmus placidus. 

DD. Back flat, scaly; lateral carinco serrate. 

E. Rcpugnatorinl pores surrounded by a round swelling; 
scales on scuta arranged in 4 transverse rows. 

Scytonotus granulatus. 
EE. Kepugnatorial pores surrounded by a long, oval swell¬ 
ing; scales arranged in 3 tiansvorse rows. 

F. Length from 15 to 18.5 inm., Polydesmus pin et or urn. 
FF. Length from 22 to 27 mm.. . .Polydesmus serratu *. 
Segments 30; repugnntorial pores absent; anal segment produced into two slender 
papilla 1 ; dorsal face of each segment provided with 6 bristles; carina? reduced. 

Cleidogona sp? 

Segments more than 30; repugnntorial pores present. 

B. Male genital appendage formed from anterior pair of legs of 7th segment; 
sides and back with numerous keels; anal segmont not produced into 

spine. Lysiopetalnm lactarium. 

BB. Male genital appendage formed from both pairs of legs of 7th segment; no 
carinn? or keels; anal segment produced into spine. 

C. None of anterior segments apodous. Actobolus marginatus. 

CC. Third segment apodous; male genital appendages composed of two parts 
each. 

D. Inner part of male appendage curving towards opposite side 
and crossing with opposite similar part; outer part ending in 
one blunt point. 

E. Outer part of male appendage narrow in proportion to 

length (9:34) . Parajulus renustus. 

EE. Outer portion of male appendage wider (10:34) 

Parajulus impressus. ’ 

DD. Inner part of male appendage curving caudad, meeting in a 
mid line, but not crossing as above, outer part ending in two 
blunt points. Parajulus diversifrons. 


** Not more than one pair of feet to the segment; antenna 1 many segmented; two pairs of 
maxilla) (Chilopoua). 

A. Pairs of legs, 15; young born with 7 pairs. 

B. Tarsi of legs multiarticulate; dorsal plates, 8; spiracles, 6, in one series, 

iniddorsal . Scutigera forceps. 

BB. Tarsi of legs triarticulate; dorsal plates, 15; spiracles in two series, lateral. 

C. Inside of anal legs with strongly marked, irregular swellings. 

Poab\U8 bilabiatvs. 

CC. Anal legs not as above. 

D. Angles of 7th, 9th, 11th and 13th dorsal plates produced; 

prosternal teeth, 10 to 14. Lithobius transmarinus. 

1)1). Angles of 9th, 11th and 13th dorsal plates produced; pro- 

sternal teeth, 8 to 12. Lithobius forficatus. 

DDD. Angles of the 11th and 13th (or 13th only) dorsal plates 

produced; prosternal teeth, 4. Lithobius kansensis. 

DDDD. Angles of none of dorsal plates produced; prosternal teeth, 

4 to 6. Lithobius jowensis. 

AA. Pairs of legs, 21; young born with same number; ocelli, 4. 

B. First dorsal plate with a deep transverse furrow back of anterior margin. 

0. Cephalic plate with two fine longitudinal lines, which divergo cephalad. 

Scolopendra heros. 

CC. Cephalic plate without furrows as above. .. .Scolopendra polymorpha. 
BB. First dorsal plate without a deep transverse furrow back of anterior margiu. 

Scolopendra morsitans. 

AAA. Pairs of legs, 23; young born with same number; ocelli absent. 

Otocryptops sexspinosus. 
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A AAA. Pairs of logs more than 30; young bom with same number. 

P. Dorsal plates bisuleute; middle piece of Inbrum small. 

Coxal pores empty into two large pores on each side of a broad ventral 
plate. 

D. Cephalic plate clearly longer than broad, with a distinct line 
of deep punotations each side of middle on caudal half, these 
connected by a cross line of puuetations in front. 

A renophilua bipuncticnpa. 

T)D. Cephalic plate almost as brond ns it is long, with punctations 
scattered irregularly over surface. Arenophilua oaborni. 

CC. Coxal pores numerous, not as above. 

D. Head only slightly longer than broad (almost round) ; 49 to 
55 pairs of legs. Geophilua mordax. 

DD. Head distinctly longer than broad (oblong) ; 63 to 69 pairs 

of legs. Geophilua dolichucephalus. 

liB. Dorsal plates not bisuleute; middle piece of Inbruin very large. 

FAnotwnia fulva. 


BIBLIOGRAPHY. 

Since the publication of Bollman’s Myriapoda of North 
America, in 1893, no bibliography has been printed covering 
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NOTICE OF A NEW FISH FROM THE PERMIAN OF 
KANSAS, WITH DESCRIPTION. 

BY H. T. MARTIN. 

Ctenoptychius semi circular is Newberry and Worthen. 

(Contribution from the Zoological Laboratory, No. 206.) 

A SINGLE TOOTH referable to this species was discovered 
about a year ago by Mr. J. W. Glydden, of Lawrence, 
while working on a block of stone shipped here from the 
quarries situated about thirty miles east of Arkansas City, 
Kan. The formation from which the block was secured is 
evidently Permian. When received the tooth was firmly em¬ 
bedded in a mass of limestone. By careful work the specimen 
has been entirely cleaned from the adhering matrix, and now 
presents a nearly perfect tooth. 

Like similar teeth described by Newberry (Geological Sur¬ 
vey of Ohio, vol. 2, page 41), this specimen has a covering of 
enamel on the upper or dentigerous portion, of a light gray 
color; the enamel has a clearly defined fine of demarcation on 
the outer or convex side, which extends 9 mm. down from the 
tip of the large center denticle, while the whole inner or con¬ 
cave cup of the tooth is entirely covered with enamel, which 
overlaps the inner wall or heel of the tooth, and extends 4 mm. 
down the outside of this inner edge. The tooth has seven saw¬ 
tooth-like denticles, forming the higher semicircle and what is 
probably the outer edge, the center denticle much the largest. 
The enamel surface is very smooth and polished. The root or 
base of the tooth is of a brown color, and is lightly scored all 
around with vertical lines. A cross section of the base shows 
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numerous small tubular openings for the nutriment of the 
tooth to pass through. As a whole, the base resembles that of 
the common fossil shark Lamna or of Ptychodus in general 
structure. As far as the writer is aware, this is the first time 
that Ctenophychius has been reported from the Permian of 
Kansas. The following measurements have been made: 

mm. 


Width of tooth. 16 

Depth from middle denticle to base. 20 

Length of longest denticle. ,4 

Width of longest denticle at base. 6 

Depth of inner cup from point of longest denticle. 14 
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HISTOLOGY OF JANUSIA GRACILIS. 

BY B. J. CLAWSON. 

Plalos XXTT XXVTTI. 

(Coufriluil ion from Iln* Botanirnl ijnlionitor\ ) 

J ANUSIA GRACILIS was one of the plants collected by 
the University of Kansas from the desert region of Ari¬ 
zona by Mr. Peace. It was collected in the year 1908 in 
the vicinity of Tucson, Ariz., from Tumamoc Hill, on which 
the desert laboratory stands. There are four topographical 
divisions found in this desert region: mesa land, river bot¬ 
toms, rocky slopes of mountains, and draws in these moun¬ 
tains. Of these four the rocky slopes of the mountains are 
the dryest. It seems that this plant is one of those best fitted 
for the dry, hot conditions, since it survives upon these slopes 
where the soil is just thick enough to cover the rocks, which 
are broken so that what moisture the soil could collect from 
the rain is soon drained away. 

A short description of the genus Janmia is given by 
Bentham and Hooker. Gray mentions both the genus and 
species in his catalogue of North American Plants. Not even 
the family to which the genus belongs is mentioned in the 
seventh edition of his manual. Engler and Praml give a de¬ 
scription of the genus similar to that given by Bentham and 
Hooker. They also mention the species, saying that it is found 
in Mexico. 

The material studied was an average of that found upon the 
field, and was a slender, twining, woody shrub. In no place 
had it reached the thickness of one centimeter. 
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Solereder describes the anatomical features of the family 
to which the plant belongs, the Malpighiaceie. It seems to be 
an inconspicuous family. He mentions three characteristics 
of the family, which are the following: No internal secretory 
cells; the subsidiary cells of the stoma run parallel to the pores 
of the stoma; and the unicellular trichomes. While all of these 
were noticed in our Janusia, the last seemed to be the most 
important, as it appears to take part in collecting of water, as 
will later be shown. It would not seem at all unreasonable 
that if a plant had to modify any of its parts to adapt itself to 
its environment, it would modify those parts most char¬ 
acteristic of it. In this plant that is what has evidently taken 
place, for, as we shall see, the trichome is not a typical Mal¬ 
pighian hair, which is so characteristic of the family. 

The root was not worked, as none of it was collected. The 
stem and leaves were collected in July, just after the rainy 
season had begun, which extends over July and August. The 
leaves were well developed, but not old. It would be of interest 
to study the leaf in the bud to get the plan of the development 
of the trichome. This was not done, as proper material was 
not to be had at the time when the plant was worked. No 
description of the species has been found in the literature to 
which the writer has had access. The literature cited will be 
general in character. 

METHOD OF PROCEDURE. 

The work was begun by cutting free-hand sections and 
staining with c. z. i. and phloroglucin. By these means it was 
determined concerning the parts lignified, cutinized, and 
suberized. 

Hydrochloric and acetic acids were used for the determina¬ 
tion of the chemical composition of the crystals found in the 
phloem and in the leaf. Chloride of iron was used for the de¬ 
termination of the tannins, which were found in great abun¬ 
dance in both the stem and leaves. 

The stems were softened by soaking them in concentrated 
hydrofluoric acid for ten weeks. A description of this method 
is found in the Botanical Gazette (vol. 37, year 1904, by Amon 
B. Plowman). He recommends the use of a 10 per cent solu¬ 
tion of the hydrofluoric acid. In this work the concentrated 
solution seemed to do the work and leave the tissue of the 
plant in perfect condition. 
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Material was mascerated with nitric acid and potassium 
chlorate, and also with chromic acid. The former proved 
superior for the wood fibers and the wood parenchyma, but the 
latter gave better results for the bast fibers. 

All sections, except those cut free-hand with the razor, were 
cut on the rotary microtome, the material being embedded in 
paraffin. Bismark brown was the main stain used, though 
hsematoxylin, alcohol safranin, and chloral hydrate safranin 
were used. 

The leaves were bleached by a method worked out in this 
laboratory by Mr. Peace. An account of this method is given 
in the Plant World, April, 1910. Good results were obtained 
in getting the venation by staining these bleached leaves with 
chloral hydrate safranin. It was also found to be an advan¬ 
tage to use a second stain, Bismark brown, for the study of 
the epidermis and stomata. In making detailed study of the 
pits in the stem, dilute glycerine was used for a mounting fluid, 
but permanent mounts were made in Canada balsam. 

THE STEM. 

The pith in the young stem occupies about one-fourth of the 
diameter of the entire stem (fig. 1). In the older it becomes 
much smaller (fig. 2). In the young stem the pith is made up 
of thin-wall cells, elongated vertically, the wall of which gives 
the cellulose reaction with c. z. i. The marginal pith cells 
vary in size, averaging .015 mm. in breadth, and from .074 mm. 
to .185 mm. in length; while the mid-pith has larger cells, 
which are not so regular in shape. These average about 
.03 mm. to .045 mm. in diameter, being in length about the 
same as those of the margin. 

In the marginal pith cells is found a granular, reddish- 
brown substance which is insoluble in water, chloroform, alco¬ 
hol, xylol, chloral hydrate, hydrochloric acid, and hydrofluoric 
acid. It is not affected by any of the stains used in this work. 
With ferric chlorid it reacts and gives a black color. From 
this reaction it seems that it is a tannin of some kind. It is 
not a pure tannin, as this is soluble in alcohol at 85 sp. g. This 
material was passed through alcohol from 20 per cent to 98 
per cent. Its reaction with ferric chlorid, when compared 
with the reaction of tannin in Sambucus, was found to be 
identical. In the older stem the pith cell walls become much 
thicker, and the cells become longer. They are filled with 
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plain pits, which give the appearance of stone cells (fig. 21). 
The xylem occupies about two-fifths of the entire stem 
(figs. 1, 2 and 11). It is made up of wood parenchyma, 
wood fibers, fiber tracheids, and tracheal tubes. Secondary 
thickening of the cell walls has taken place to a large extent. 
The cells in their growth have become crowded, and there is 
very little intercellular space to be found, and this decreases 
as the xylem advances toward the phloem. No distinct rings 
of growth occur. This seems to be characteristic of many of 
the desert plants, which may be the result of the short growing 
season. The cells of the xylem are so similar in appearance in 
cross section that medullary rays are distinguished with dif¬ 
ficulty even in young stems, but they may be seen in tangential 
and radial longitudinal sections (fig. 11). They are made up 
of from one to three rows of cells tangentially. According to 
Solereder, this is a characteristic of the anatomy of the family 
Malpighiaceae. As seen in radial longitudinal section, they 
are thick-walled cells, elongated vertically, and have many 
plain pits (fig. 19). 

The cells of the xylem give the lignified reaction with c. z. i, 
and phloroglucin. They are exceedingly hard because of the 
deposit of silica in the cell wall. It was with difficulty that 
xylem tissue could be cut with the razor. After soaking it for 
ten weeks in hydrofluoric acid and washing the acid out in 
running water, both longitudinal and cross sections were 
easily cut with the rotary microtome from material embedded 
in paraffin. 

The water-conducting system, seen in the stem cross section, 
is conspicuous. Considering this system from the stand¬ 
point of the percentage of the total area of the stem taken up 
by tissue devoted to the function of carrying water, it could 
be considered fairly well developed. The tracheal tubes aver¬ 
age from .01 mm. to .052 mm. in diameter. The number of 
tubes counted in a cross section of a stem of 1.6 mm. in diam¬ 
eter was 260, and we find that about 10 per cent of the stem’s 
cross section is occupied by tracheal tubes. Near the pith the 
spiral tubes are found, while toward the phloem the reticulated 
tubes are found. These tubes are well supplied with pits, all 
of which are bordered (figs. 14 and 18). 

Besides the tracheal tubes, many fiber tracheids are also 
found. These occur scattered through the xylem, intermixed 
with wood fibers and wood parenchyma. They resemble the 
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wood fibers, except that they have bordered pits, while the 
wood fibers have plain pits. In this plant this is the only dis¬ 
tinguishing feature between the wood fibers and the fiber 
tracheids. These fiber tracheids vary in length from .07 mm. 
to .195 mm. In width they are from .01 mm to .018 mm. 
They exceed the wood fibers in number to a considerable ex¬ 
tent, but the exact proportion was not determined. Scattered 
among the tracheids are wood fibers and wood parenchyma. 
The wood fibers average about .255 mm. in length and .01 mm. 
in width, having walls of the thickness of .003 mm., in which 
there are many plain pits (figs. 3, 4, 5, 6 and 7). 

The wood parenchyma cells average from .22 mm. to .33 mm. 
in length and .03 mm. in width. These also have plain pits in 
their secondary thickening (fig. 14). 

A well-defined cambium is not found in Janusia, but the 
differentiation between the xylem and the phloem is distinct 
(fig. 11). The phloem occupies a relatively small amount of 
both the young and old stems (figs. 1, 7 and 2). It forms a 
continuous ring, except where it is broken by the medullary 
rays, and has an irregular outline. The cells are small and 
elongated vertically, with very little if any other differentia¬ 
tion, and in these calcium oxalate occurs. Their walls are cel¬ 
lulose, and so far as could be determined there were not any 
sieve tubes. Sections ranging in thickness from seven microns 
to fifteen microns were examined with different stains, and 
with the two-thirds, one-sixth, and one-sixteenth objectives, 
and no sieve tubes were found. 

The arrangement of the pericycle is similar to that of the 
usual stem. In young stems it is made up of parenchyma 
cells and bast fibers. The bast fibers are arranged in a dis¬ 
continuous ring. They vary in length from 1.5 mm. to 2.5 mm., 
and in width from .007 mm. to .03 mm., and have plain pits. 
In the old stem the pericycle has differentiated palisade cells 
next to the endodermis, and in these palisade cells ^hloroplasts 
are found (fig. 22). In the inner part of the pericycle are the 
ordinary parenchyma cells and bast fibers. 

The endodermis is well defined and is filled with starch. 
Outside of the endodermis, clear to the epidermis, are thin- 
walled parenchyma cells, no collenchyma being present. The 
epidermis is made up of one row of cells, in which are stomata 
and pores (fig. 12). Over these pores are unicellular trichomes. 
(A discussion of these will be given under the description of 



194 KANSAS UNIVERSITY SCIENCE BULLETIN. 

the leaves.) The number of the stomata in the stem averages 
67 per sq. mm., the pores being somewhat less in number; but 
the stomata have subsidiary cells parallel to the pores of the 
stoma, which is another special characteristic of the family, 
as given by Solereder (figs. 17 and 23). The cell walls of the 
very young stems are composed of cellulose, while in the older 
stems all of the tissue exterior to the endodermis has become 
suberized, thus forming cork. In the old stems no remains of 
the epidermis appear. It may be that the cork has been formed 
by the cork cambium, though no definite layer is found 
(fig. 15). It would seem from the location of the cork that if 
there were a cambium layer it has arisen from the endodermis. 

THE LEAF. 

The leaf is oblong, elliptical in form, tapering to a flat base 
(fig. 25). It is from 8 mm. to 1 cm. long, about 3 mm. wide, 
and about .13 mm. thick. 

It is covered with hair on both upper and lower surfaces. 
These hairs are placed upon the leaf so as to run longitudinally 
with the leaf (fig. 26). In length they average about .9 mm. 
and have a diameter of about .025 mm. They taper to a point 
at both ends, and their surface is covered with papilla-like pro¬ 
jections (fig. 29). These hairs are free at both ends and are 
fastened to the leaf by a stalk-like projection which fits into 
an opening of the epidermis. This opening resembles a pore 
(figs. 28 and 29). This kind of a hair is an anatomical 
characteristic of the family Malpighiaceas according to Sole¬ 
reder, in his Comparative Anatomy of Dicotyledons. The leaf 
contains about 67 of these pores per sq. mm. on the upper sur¬ 
face, and about a similar number on the lower surface. The 
arrangement of the trichome is a peculiar one. Nothing quite 
like it has been described as far as is known by the writer. 
Trichomes similar in shape are of common occurrence— 
especially is this true in the family Malpighiacese—but none 
of them has become differentiated to such an extent as is 
found in the trichome of Janusia. It is uncommon to find 
a hair on the leaf with the walls cellulose throughout. Sole¬ 
reder describes a hair having a cellulose membrane around it. 
The hair of Janusia differs from this in that the walls of its 
hairs are all cellulose except at the base of the stalk. 

Many examples of trichomes are found whose structure is 
very similar to that of Janusia. Examples of Ranunculacese 
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are found where the trichome rests on a stalk and is fastened 
to the epidermis at a point where the cells which surround this 
stalk are raised above the surface of the leaf. 

It may be that this hair has something to do with the ab¬ 
sorption of water, which has to be used with so great economy 
by the desert plants. Haberlandt describes a hair of Diplotaxis 
harra that is used for such a purpose. It is cutinized, and at 
the base has pits through which water may pass from the sur¬ 
face of the hair to the inner part of the hair, and then to the 
epidermal cells and on to the mesophyll. Since the two-armed 
trichome is so characteristic of the Malpighiaceai—so char¬ 
acteristic that they are called Malpighian hairs—it would not 
seem at all improbable that the plant would modify one of its 
most common structures in adapting itself for desert condi¬ 
tions. It may be possible that during the night, when the hair 
would give off heat enough by radiation to bring the tempera¬ 
ture of the air to the point of saturation, water would be 
collected into the cellulose hair; from this the water would 
pass by filtration or osmosis into the cavity of the pore under 
the membrane through that part of the stalk of the trichome 
which has cellulose walls (fig. 29, C). As the cavity would fill 
up, the membrane would be forced outward, lifting with it the 
hair, thus opening the pore beneath. The plug would fall into 
position again as soon as transpiration reduced the pressure 
from below the membrane. The cutinized end of the plug 
would then retard further loss of water at this point. This 
explanation of the function of the hair, at its best, is only 
theoretical. No fresh material was at hand for physiological 
experiments. Several difficulties arise in applying this theory 
of the function of the hair. Would water pass through a cel¬ 
lulose cell wall and fill the cell cavity if the cell were dead? 
Whether the cell contained protoplasm at the time of collection 
was not determined. It would be easy enough for the water to 
pass from the outside of the hair to its inside, provided the cell 
was living and filled with protoplasm, but the question then 
arises, even if the cell were alive, how could it live in the desert 
with only cellulose walls to keep it from drying up? It would 
be interesting for one having fresh material to work out the 
ontogeny and physiology of these hairs. 

In the Dilleniaceae simple unicellular and multicellular tri- 
chomes may be seen loose at each end and fastened at the 
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middle by a stalk-like arrangement. The stalks are usually 
embedded in the epidermis. The hair is raised upon a pedestal 
and the cuticle of the epidermis is continued on up around the 
pedestal. This is similar to that found in Janusia. In 
Calycanthaeese unicellular trichomes are found having two 
arms and a stalk. This stalk fits into the epidermis and is 
surrounded by a rosette-like arrangement of the epidermal 
cells. This rosette arrangement is like that found surrounding 
the stalk of Janusia. The Crucifer* furnish examples where 
the stalk of the trichome extends down below the epidermal 
cell layer. In the Pittospore® the hairs resemble those of 
Janusia, except that the stalk is multicellular, while that of 
Janusia is but part of the whole hair. Hairs with papillae are 
not of an uncommon occurrence. This is a characteristic of 
the hairs of Janusia. 

In figure 29 is shown a cross section of the leaf and hair in 
position. Its stalk tapers to a round point (fig. 29, A>. The 
point is cutinized, but the upper portion of the stalk, including 
the rest of the entire hair, is cellulose. In cross and longi¬ 
tudinal sections the hair seems to be hollow. 

It is held in place by the continuation of the outer walls of 
the epidermal cells, which is cutinized as far up as to the at¬ 
tachment of the hair (fig. 29, B). This membrane holding the 
hair in place fastens to the cell surrounding the pore at about 
the middle of their upper surface. These cells surrounding 
the pore have walls with a thicker cutinized substance than 
the adjacent cell walls. 

As is seen, the palisade cells extend up directly against the 
pore. It is evident that the trichome has developed from one 
cell and that it has become broken loose from those cells sur¬ 
rounding it, thus leaving it loose to move up and down. In 
this way it may form a plug in the pore at times and leave it 
open at other times. Whether the protoplasm has been dis¬ 
organized has not been determined. At different times the 
hair has been found collapsed. 

The epidermal cells have a depth of about .018 mm., and 
have a thick outer cutinized wall. The palisade cells are very 
compact and leave but little intercellular space. In length they 
are about the average, but in width they are very narrow, 
having a width of about .015 mm. (figs. 24 and 29). The 
chloroplasts are very small and very numerous. These pal- 
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isade cells are only found in the upper surface, except over the 
mid rib, where large cells resembling the border parenchyma 
are found (figs. 24 and 33). In most of these there is an 
abundance of tannin, while others seem to be used as water- 
storage cells. 

The spongy parenchyma is similiar to that found in the 
usual leaf. The lower epidermis has cells somewhat smaller 
than the upper epidermis, and in it are found both stomata 
and pores (fig. 25). The number of free endings of the veins 
is about 100 per square mm., having an average distance be¬ 
tween them of .011 mm. The veins in the mesh work average 
in distance apart from .2 mm. to .9 mm. Having the endings 
so close together would seem to indicate that a groat deal of 
water might pass through them. So far as this anatomical 
detail is concerned, the leaf is equipped to supply rapid tran¬ 
spiration of water. 
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SOME SHELLED RHIZOPODA OF KANSAS. 

A PRELIMINARY REPORT. 

BY REGINA WOODRUFF. 

Plates XXIX XXXVI. 

(Contribution from the Zoological Laboratory, N r o. Ii07.) 

T HE classification of the American Protozoa has received 
little attention until the last few years. Stokes’ “A Pre¬ 
liminary Contribution toward a History of the Fresh¬ 
water Infusoria of the United States” and Leidy’s “Fresh¬ 
water Rhizopods of North America” are the only general 
works on the subject. In 1905 Conn, in connection with the 
Geological Survey work, made a preliminary report on the 
“Protozoa of the Fresh Waters of Connecticut,” and in 1906 
Edmondson’s “Protozoa of Iowa” made its appearance. There 
is as yet no classification of the Protozoa of Kansas, though the 
advantage of such a work is evident. 

It is the purpose of the zoology department of the University 
of Kansas to begin such a classification. To this end the fol¬ 
lowing paper is contributed, and I want to take this oppor¬ 
tunity to express my gratitude to Miss Nadine Nowlin, who 
directed the work. 

CLASSIFICATION. 

Phylum PROTOZOA. 

Class Rhizopoda. 

Order 1. Lobosa. 

(a) Gymnamoebida (without shells). 

(6) Thecamoebida (with shells). 

Order 2. Heliozoa. 

Order 3. Foraminifera. 

Order 4. Radiolaria. 
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RHIZOPODA. 

Pseudopodia of variable forms, blunt, sharp or anastomosing; naked, 
or with a shell which is either homogeneous or made of plates, sand grains, 
diatoip shells, etc. 

All of the following forms belong to the suborder Thecamoebida of the 
order Lobosa. 

Difflugia Leclere. 

Shell formed of foreign material, grains of sand, diatom shells, etc., 
united by a chitinous connecting substance. 

Form spherical to pear-shaped, frequently with spine at the posterior 
end. Mouth occasionally excentric. Body not completely filling the shell, 
with finger-like pseudopodia. Nucleus and contractile vacuole variable. 

Difflugia reproduce by an extrusion of a portion of the cell mass and 
by the formation of a new shell about the extruded portion, after which 
the two individuals separate. 

Difflugia corona Wallich. Fig. 12. 

Difffugia globulosa Duj. Figs. 7, 8, 13, 14, 16, 17, 20, 21, 29, 30, 32. 
Difflugia lobosloma Leidy. Figs. 2, 4, 33. 

Difflugia pyriformi Perty. Figs. 1, 2, 5, 6, 9, 10, 19, 22, 28, 31. 

Difflugia arcula Leidy. Fig. 11. 

Difflugia coristricta Ehrenberg. Figs. 15, 23, 24. 

Difflugia acuminata Ehrenberg. Figs. 18, 26. 

Difflugia urceolata Carter. Figs. 25, 27. 

Difflugia corona Wallich. 

Shell spheroidal, composed of particles of sand, the fundus usually 
spined. Mouth terminal, circular, with notched border. Is one of the 
larger species of the genus. Distribution general, found usually with 
algae. The small tooth-like processes bordering the mouth may vary 
in number, but are usually more than ten. The number of spines also 
varies, but seldom have less than four or five to an individual been ob¬ 
served. Plate XXX; fig. 12. 

Difflugia globulosa Dujardin. 

Shell more or less spheroidal in shape, composed usually of quartz 
sand. Mouth large, terminal, seldom with a well-marked neck. One of the 
smallest and rarest species of the genus. Fundus usually evenly rounded, 
bearing no spines. Mouth is large, round and without lobes. The habitat 
of this species is similar to that of other members of the genus. Plates 
XXIX, XXX, XXXI, XXXII; figs. 7, 8, 13, 14, 16, 17, 20, 21, 29, 30, 32. 
Difflugia lobosboma Leidy. .095 length. 

Shell small, oval, usually composed of fine sand grains. Mouth termi¬ 
nal, small with 3 or 4 well marked lobes. Psd. as in other members of 
the genus. Common in pond water and has wide distribution. Plates 
XXIX, XXXII; figs. 2, 4, 33. 

Difflugia pyriformis. 

Shell oval or pear-shaped, sometimes with a short neck and broadly 
expanded fundus with or without spines, composed mainly of sand grains. 
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Psds. slender, cylindrical, simple or branched. Species is a common one 
and many varieties of shells are included in it. Plates XXIX, XXXI, 
XXXII; figs. 1, 2, 5, 6, 9, 10, 19, 22, 28, 31. 

Difflugia arcula. 

Shell hemispheroidal; fundus convex, base inverted shallow infundi- 
buliform; mouth inferior, central, trilobed. Structure of shell usually 
of yellowish chitinoid membrane, usually with more or less adherent dirt 
or scattered particles of quartz sand or diatoms, especially occupying 
the fundus. Plate XXIX; fig. 11. 

Difflugia acuminata. 

Shell usually composed of sand crystals, oblong oval in shape, the 
fundus prolonged into an elongated process more or less acuminate; no 
spines. Great variations may occur in the size and shape of the shells. 
The posterior acuminate process, although a characteristic of this species, 
may be possessed by other species. Mouth large, terminal, circular. 
Plate XXXI, fig. 18; plate XXXII, fig. 26. 

Difflugia comtricta Leidy. 

Shell oval in form with the anterior border obliquely truncate, com¬ 
posed of sand grains and other foreign materials. Fundus rounded, with 
or without spines. If present the number of spines may vary from one 
to half a dozen. Mouth large, circular or oval, and inverted. Shell color¬ 
less, yellowish or brown. Sarcode colorless. Plate XXX; fig. 15; plate 
XXXI, figs. 23, 24. 

Difflugia urceolata. 

Shell of large size, fundus usually evenly rounded, seldom spined; 
neck short; mouth large, circular, surrounded by a reflected rim with 
a thin edge. Pseudopods as in pyriformis rarely branched. (Length 
250-300 microns.) Plate XXXI, fig. 25; plate XXXII, fig. 27. 

Pseudo difflugia . 

Shell chitinous, to which foreign materials are added. Pseudopodia 
delicate and branched. Sarcode mostly colorless, with large clear nucleus, 
but usually with sarcode obscured by the nature of the shell. Mouth 
terminal, inferior. 

Pseudodifflugia gracilis . 

Shell of variable form, mostly spheroidal, ovoidal, or oblong oval 
and of uniform transverse diameters, usually straight, occasionally 
slightly curved. Mouth terminal, circular. Structure of shell mostly 
obscurely granular, often of fine sand, frequently almost entirely com¬ 
posed of coarse sand, colorless or brownish. Found in ooze of ponds, 
ditches, etc. Plate XXXII, figs. 34, 35, 36. 

Arcella. 

Arcella Ehr. 

Body secretes a shell of chitinoid material, semispheroidal in shape 
when viewed laterally, usually circular when viewed dorsally or ven- 
trally. Mouth central. Psds. digitate or broadly lobate, never branched. 
Nuclei and C. Vac. usually more than one. 

2—Univ. Sci. Bull., Vol. VII. No. 9. 
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Arcella discoides. 

Shell mostly circular, flattened disc-like, usually with height of from 
l A to of the breadth; dome low, evenly convex to rounded or slightly 
expanded and rounded basal border. Base and mouth as in A . vulgarus. 
Color of shell yellow to dark brown. Plate XXXIII, figs. 42, 43. 

Arcella vulgaris . 

Shell pale yellow to dark brown; watch-glass shape, curved or poly¬ 
hedral. Dome evenly convex or angularly faceted or concavely pitted at 
the summit and sides. The facets or pits variable in number. Mouth 
circular, mostly entire, rarely slightly erenulated at the border. Sarcode 
does not completely fill shell. Pseudopods digitate. Nuclei and vacuoles 
usually numerous. Common in ooze of almost all standing fresh waters. 
Lawrence golf links. Arcella vulgaris Ehrbg. Plate XXXIII, figs. 37-40, 
and 43-47;"plate XXXIV, figs. 48-50. 

Euglypha Duj. 

Shell of round oblique rows of plates whose edges cross to make 
hexagonal areas. Shell spherical to pear-shaped. Spines frequently 
present. Mouth surrounded by regular teeth. Sarcode colorless, usually 
finely granular in posterior portion, coarsely granulated in anterior por¬ 
tion. Pseudopodia fine, anastamosing. 

Euglypha alveolata Duj. 

Shell composed of oval plates overlapping each other and arranged 
in regular rows, producing the appearance of hexagonal areas. Spines 
often present. E. alveolata is a common rhizopod, being found almost 
everywhere in fresh water among algae or in the ooze at bottom of ponds. 
When the spines are present they are long, slender, and often curved, 
may vary in number from 4 to 6, and are variable in length. Plate 
XXXIV; figs. 56, 68. 

Euglypha ciliata. Found in connection with figure 58. 

Shell compressed ovoid. Mouth transversely oval. Fundus and lateral 
borders mostly fringed with spines which vary in number and size. 
Plate composing shell mostly elongated hexahedral, closely fitting at the 
margins. Mouth bordered by from 6 to 14 or more blunt, angular, crenu- 
lated teeth. Plate XXXIV; fig. 57. 

Assulina Ehrenberg. 

Shell compressed spherical or oval, neck almost obsolete, terminating 
in a transversely elliptical mouth with uneven or ragged edges, composed 
of minute oval or hexagonal plates in alternating* rows. Sarcode and 
pseudopods as in Euglypha. 

Assulina seminulum Leidy. 

Shell nearly as broad as long, oval in shape, compressed, spineless, 
plates hexagonal or oval. In color ranges from dark brown to trans¬ 
parency. Elates are arranged in alternating rows and at the oval 
aperture give a notched appearance to the border. Pseudopods are 
delicate and transparent, branched but not anastomosing. Ooze at bot¬ 
tom of ponds. Plate XXXIV; fig. 59. 

Trinema Duj. 

Body enclosed within an elongated chitinous shell. Fundus rounded 
oval; extremity narrower and obliquity truncate. Mouth circular, sub- 
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terminal in center of the truncated border. Pseudopodia very delicate 
and transparent. 

Trinema euchelya Leidy. 

Usually the shell presents a homogeneous appearance, with a smooth 
outline, but in the larger specimens the shells show evidence of being made 
up of minute oval plates. The species varies greatly in size, as also in the 
density of the material composing the shell. Some are transparent, 
while others are completely opaque. T. euchelya is one of the smallest 
and most abundant of fresh-water rhizopods. Its distribution is wide 
Plate XXXIV; figs. 51-55. 

Centropyxi8 Stein. 

Shell composed of chitinous material, with the addition of sand grains, 
diatom shells, etc., ovoid in shape, with the mouth and fundus eccentric 
in opposite directions. Spines usually present. 

Centropyxis aculeata Stein. 

Having characters of the genus C. may be considered as an interme¬ 
diate form between Arcella and Difflugia. The color is usually some 
shade of brown; 1 to 6 spines are usually present, which are longer and 
more slender than those of Dif. and which seldom have any addition of 
foreign material. Plate XXXV; fig. 60. 

Centrpyxis ecornis. 

Shell composed of yellowish or brownish chitinoid membrane incor¬ 
porated with quartz sand. Spineless mouth irregular in shape. Mouth 
and fundus eccentric in opposite directions. Plate XXXV; fig. 61. 
Hyalo8phenia Stein. 

Shell compressed ovoid to pyriform, composed of transparent structure¬ 
less chitinoid membrane; mouth terminal, inferior, transversely elliptical. 
Sarcode mass occupying the interior of the shell to a variable extent, 
attached to its inner surface by divergent threads and also connected to 
the border of the mouth. Protoplasm granular, mingled with colorless or 
colored corpuscles or both together. Nucleus large, contractile; vescicles 
several; pseudopods few, digitate. 

Hyalo8phenia papilio Leidy. 

Has characters of genus. Shell composed of transparent, yellowish 
chitinoid membrane. Contains some green bodies. Pseudopods colorless 
and digitate. Found in mossy ooze from golf links, Lawrence, Kan. 
Plate XXXVI; fig. 64. 

Hyalosphenia cuneata. Found in connection with 64. 

Shell small, transparent, with encysted form. A large diatom shell 
extended up through the mouth. These forms were found in green mossy 
material collected from the gully on the golf links, Lawrence. Plate 
XXXV; fig. 63. 

Pamphagu8 Bailey. 

Body enclosed within a transparent hyaline, elastic membrane. Endo¬ 
plasm completely filling the membrane; more or less granular. A large 
clear nucleus. Con. Vac. not distinctly determined; mouth small, terminal. 
Pseud, long, delicate, branching but not anastomosing. 

Pamphagu8 mutabilis Bailey. 

Body ovoid in shape, seldom changing form, the ov^.l extremity more 
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acutely rounded than the fundus. Mouth small, often indicated only by 
the region from which the long, delicate pseudopodia are extended. 
Nucleus large, spherical. The closely investing covering of the body 
prevents any great distortions, although slight changes of form some¬ 
times occur. As a result of stimuli the organism withdraws its pseu¬ 
dopodia and assumes a rounded or spherical form. P. no doubt repre¬ 
sents a development of amoeba to such an extent that the ectoplasm has 
become differentiated to form a resisting membrane. Plate XXXVI; figs. 
65, 66, 67. 

Pamphagus hyalinus. 

Animal spheroidal and feebly produced at the lower pole into a short, 
broad neck, terminating in a circular mouth. Shell membranous, trans¬ 
parent, colorless, structureless and elastic. Sarcode intimately adherent 
to the interior of the shell, finely granular, with variable proportions of 
oil-like molecules. Nucleus large. Pseudopods filamentous, delicate and 
furcate. Plate XXXVI; fig. 68. 

Nebella Leidy. 

Shell usually compressed pyriform, transparent, colorless, with or 
without appendages, composed of cancellated membrane or of peculiar 
intrinsic structural elements of variable form and size, mostly of circular 
or oval disks, of narrow rectangular plates or rods, or of thin, less 
regular, angular plates, often almost exclusively of one or the other, 
sometimes of two or more intermingled in variable proportions. Some¬ 
times of chitinoid membrane incorporated with more or less extrinsic ele¬ 
ments, and sometimes of these entirely. Mouth inferior, terminal, 
oval. Sarcode colorless, in form, constitution and arrangement as in 
Diffiugia. 

Leidy records this form as being found only in sphagnum moss or in 
cedar swamps; therefore I hesitated about putting it in, but afterwards 
verified my finding in some mossy material that I know came from the 
gully on the golf links at Lawrence. 

Nebella collaris Leidy. 

Shell compressed pyriform, longer than broad, sides sloping down¬ 
ward and generally slightly inflected toward the oval end. Mouth trans¬ 
versely oval, entire. Shell colorless, variable in its structural elements, 
generally composed of oval or circular disks, sometimes nearly exclusively 
of one or the other, sometimes mingled with rod-like or narrow rec¬ 
tangular plates and sometimes composed almost wholly of these, rarely 
composed of thin, irregular angular plates. Sarcode colorless. Pseu¬ 
dopods digitate. In moss and scum from gully in golf links, Lawrence. 
Plate XXXVI; fig. 69. 
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A COMPARISON OF NATURALLY AND ARTIFICIALLY 
AROUSED IMPULSES UNDER THE INFLUENCE 
OF NERVE BLOCKS. 

BY CHARLES M. GRUBER. 

From (he physiological laboratory of the University of Kansas. 

T HE research, of which a preliminary report is here pre¬ 
sented, was begun by Doctor Hyde several years ago, at 
the suggestion of Dr. C. S. Sherrington, in his laboratory in 
the University of Liverpool, and was completed by one of 
Doctor Hyde’s research students. 

It was conclusively proved by me that impulses aroused by 
artificial stimuli in a frog’s sciatic nerve can be suppressed 
by the tripolar electrical block, liquid air, and other blocking 
agencies, and that the tripolar block could be repeatedly in¬ 
troduced in the circuit without injury to the nerve’s function. 
Also that afferent impulses could be inhibited with weaker 
currents than could the efferent impulses. It was of interest, 
therefore, to ascertain whether natural impulses originated 
by higher centers in the brain were physically of the same 
nature as those electrically produced, and could be suppressed 
by the same kind and strength of block as could those arti- 
fically aroused by the electrical current. 

The experiments were conducted on the phrenic nerves in 
rabbits. By means of a modification of Head’s method, records 
of the movements of the diaphragm and the thoracic wall were 
obtained. The artificial stimuli were the threshold strengths 
of the faradic currents applied to the phrenic nerve and its 
branches; the movements of the dia phragm in re sponse to 
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these stimuli and the contractions of the diaphragm resulting 
from the stimuli emanating from higher centers in the brain 
were recorded and compared. If the phrenic nerve or any of 
its branches are stimulated with the weakest possible current, 
it is responded to, throughout the period, by a contraction of 
the diaphragm or an inspiration phase of the side stimulated. 
The efficiency of the tripolar electrical block was compared 
with others, especially those produced by cocaine and freezing 
mixtures, and liquid air. 

It was found that the contractions of the diaphragm were 
suppressed the instant and throughout the period that the 
tripolar block was closed. The strength of the block current 
was not more than (2.8) 2 volts, and this strength would sup¬ 
press the cranial or naturally aroused impulses, as well as 
those originated by the very weakest faradic current. Only 
in one experiment did a block of (1.4) 2 volts inhibit the 
cranial but not the artificially aroused impulses. 

But cocaine, a freezing mixture of sodium chloride and ice, 
or liquid air, proved efficient in suppressing the impulses 
originated by the higher centers in the phrenic as well as 
those produced by electrical stimuli. 

The presence of afferent fibers in the phrenic was well 
demonstrated by a simple experiment. When the motor im¬ 
pulses on one side were blocked, and the phrenic stimulated 
centrally to the block, a change in rate and amplitude of the 
diaphragmatic movements of the opposite followed, as was 
indicated by the contraction curves secured from the dia¬ 
phragm slips on that side. The same result was obtained 
when the phrenic of one side was cut and the central cut end 
stimulated. Stimulating or irritating the peritoneum in dif¬ 
ferent regions of the abdomen with intact phrenic is followed 
by a change in rate and force of the respiratory movements. 
This is, however, probably due to afferent stimuli from nerves 
other than the phrenic to the respiratory center. 
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BLOCKING NERVE IMPULSES AROUSED IN CUT AND 
INTACT NERVES, AND IN STRYCHNINIZED 
AND NORMAL FROGS. 

BY CHARLES M. GRUBER. 

Prom the physiological laboratory of the University of Kansas, under tlio direction of 

I. H. Hydk, Pit. I>. 

T HE object of the investigation, of which a preliminary 
sketch follows, was to study the practical value of the tri- 
polar block upon impulses aroused by different kinds of stimuli, 
and to compare its efficiency and advantages with the nerve 
blocks produced by other methods upon cut and intact nerves 
in the frog. 

From many investigations it has been demonstrated that 
nerve conduction may be inhibited by the same forces, but of 
different degree, as those that arouse nerve impulses, and 
effect stimulation, namely, mechanical (compression), chemi¬ 
cal (cocaine and magnesium sulphate), thermal (freezing), 
and electrical (either faradic or galvanic bipolar or tripolar 
currents). 

The tripolar galvanic current is usually used for stimulation, 
though it has in a few instances been employed to block vagus 
impulses. In this investigation the tripolar current was 
brought to the nerve by interpolating between the nDnpolariz- 
able electrodes and the nerve, zephyr fibers, moistened in 
normal salt solutions. 

It was proved from the first that the bipolar method was 
less efficient than the tripolar, and it was therefore abandoned. 

The stimulating current consisted of the minimal faradic 
strength that caused a maximal contraction of the gastroc- 
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nemious muscle. Such contractions instantly ceased when 
the block circuit was closed, and reappeared immediately when 
it was broken. 

The strength of the current necessary to block the impulses 
varied from eight to twenty-five volts, depending upon the 
kind of stimuli and also upon the condition of the frog. The 
strongest tetanic contractions produced by stimulating the 
sciatic nerve with the faradic current, in frogs in good con¬ 
dition, required, as a rule, about twenty volts in the block 
circuit. 

Strychnine tetanus was inhibited with weaker currents, as 
were also efferent impulses reflexly produced by stimulating 
either the foot or nerve of the opposite leg. 

Any of the legs can be severed without causing reflex con¬ 
tractions in the leg to which the block current was sent, or by 
placing the tripolar block on its innervatory nerve above the 
cut. 

The tripolar block can be applied repeatedly both to cut and 
intact nerves, with but slight, if any, after effects upon the 
functions of the nerve. 

Afferent impulses were inhibited by currents of only one- 
tenth of the strength necessary for efferent fibers. 

In every case the efficiency of the block was proved also by 
the absence of action currents beyond the block. 

The advantages of the tripolar block, as compared with the 
others that were investigated, are readily seen when we con¬ 
sider that it requires about one hour before magnesium sul¬ 
phate or cocaine produce an efficient block, and they have an 
injurious after effect upon the function of the nerve. How¬ 
ever, they act alike on both cut and intact nerves; and that the 
freezing mixtures, especially liquid air, require several min¬ 
utes before they produce blocking, and many more before their 
effect passes off, although the freezing may be applied re¬ 
peatedly without injurious after effect upon intact nerves. 

But it is interesting to note that freezing the nerves, either 
before or after cutting them, destroys their function at the 
blocked area. This fact is one of the conspicuous differences 
between the different blocks experimented with. 

The tripolar galvanic block current, therefore, proved supe¬ 
rior to the others in several respects. It may be employed in¬ 
definitely on both cut and intact nerves, acts instantaneously. 
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and its effect is just as quickly removed without injury to the 
function of the nerves; and what is also of importance is, that 
we have in it an effective, ready power, by means of which we 
can exclude the conductivity of the afferent fibers in a mixed 
nerve trunk. 

It is possible that it may prove a practical and valuable aid 
in surgery and for experimental purposes. 


2—Univ. Sci. Bull., Vol. VII, No. 11. 
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THE INFLUENCE OF ADRENALIN, MODIFIED BY SALT 
SOLUTIONS, ON BLOOD-PRESSURE IN THE FROG. 

BY IVAN ROY BURKET. 

(From the laboratory of the Physiology Department, University of Kansas.) 

T HE technique for obtaining blood-pressure in the frog is 
much simpler than that required in the determination of 
the blood-pressure in mammals. It was, therefore, under¬ 
taken to ascertain the relative merits of the two methods in 
the standardization of adrenalin. In this connection, also, the 
attempt was made to determine whether or not the action of 
adrenalin in the body is modified by the presence of various 
organic and inorganic salts, which may either be present 
normally in the blood or be otherwise used therapeutically. 

Very little work has been done on the blood-pressure in the 
frog except to determine the effect of external influences. 
Schulz 1 , in his paper on the effect of temperature, vagus stimu¬ 
lation, etc., made some assertions which I have been unable 
to corroborate and which I will discuss later. His method of 
operating, however, is the one I found to be most convenient 
and practical and is used throughout my experiments. 

Neither is literature very extensive on the influence of solu¬ 
tions of various salts on mammalian blood-pressure. A few 
experimenters, however, have published articles along this 
line of research, and these will be referred to in the discus¬ 
sions of the several salts. 

I have been able to find only one paper 2 on the influence 
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2. Frankl: Archiv fiir die Gesaminte Physiologic, 1909, CXXX 346*352. 
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of salts on the activity of adrenalin; this one deals with the 
inhibition of the pupil reaction. 

EXPERIMENTS UPON THE FROG. 

•f * i 

Method. :■ > \ 

In preparing the frog for the experiment the animal was 
first anesthetized with ether, then fastened] onto the holder 
with ordinary binding tape, after which an occasional drop 
of ether was sufficient to prevent struggling. The lower part 
of the abdominal aorta and the two iliac arteries were exposed 
by removing the oscoccygis (see Schulz, loc. cit.), after which 
the canula (three-way for the purpose of cleaning) was in¬ 
serted into the right iliac when this vessel was large enough, 
otherwise the abdominal aorta itself was employed. The 
canula was connected to a Hurthle manometer, using as a 
transmission fluid the solution suggested by Schulz—10 per 
cent dextrose and 1 per cent ammonium oxalate. The injec¬ 
tions were made into the crural vein of the left leg through a 
glass canula, which was tied into this vessel and supported 
by a clamp. It is necessary to support both canulae in a favor¬ 
able position, because of the great tenderness of the frog’s 
blood vessels. Throughout the experiment the animal was 
kept covered with a moist cloth to prevent drying of the skin 
and other undesirable sensory stimuli, which, according to 
Schulz, cause a marked change in the blood-pressure. 

The respiratory curve was obtained by the use of two tam¬ 
bours—one placed under the animal’s head and in contact with 
the skin over the submental muscles; the other placed on a 
stand and operating a writing lever. The results obtained 
were, however, very unsatisfactory, because of the irregular 
respiration of the frog when the animal is disturbed. 

Frogs of about 100 gm. weight were chosen, so that a con¬ 
stant dose of the solutions (0.25 c.c.) could be used. 

I had no occasion to test the reflex stimulation of the vagus 
through the sensory nerves other than the optic, on the effect 
of which Schulz (loc. cit.) makes the following remark: “Es 
war zur Hervorrufung von Vaguskurven gar nicht einmal 
notig, durch auffallende Bewegung in der Nahe der. Augen 
einen Reiz auszuuben, sondem es geniigte das erscheinen eines 
fremden Gegenstandes innerhalb des Gesichtsfeldes schon auf 
weite Entfernung hin.” In view of this statement, and be¬ 
cause it is difficult to avoid slight changes in light and other 
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elements of the frog’s visual field, I took pains to make the 
following test on several occasions, both before any injection 
had been made and also between injections. The moist cloth 
with which the animal was kept covered, as before stated, was 
lifted, and the eye exposed to the light of a 16-candle-power 
electric bulb for one minute at a time. With even this strong 
stimulation there was absolutely no change in the pressure 
curve in any experiment. One would expect, however, to ob¬ 
serve a slight change in heart action due to reflex vagus stimu¬ 
lation, and in a few instances there was a slowing of one to 
four beats per minute; but this effect was by no means a con¬ 
stant result of the light stimulation. 

It was found that, because of the peculiar action of adrenalin 
in the frog, definite results could not be obtained from injection 
of salts and adrenalin simultaneously; therefore this discussion 
will deal with the separate action of these two classes of 
substances. 

A comparison of tables 1 and II1, pertaining to the effect of 
salts, will show that when the doses of the different salts were 
properly regulated, the salts under consideration had prac¬ 
tically the same effect on the frog as on the cat. 3 With two 
exceptions—KC1 and BaCh—equimolecular solutions were used 
on both animals to produce these similar effects, the dose being 
varied as to quantity only (0.25 c.c. for the frog and 1 c.c. for 
the cat) ; of the two salts mentioned, a stronger solution of 
KC1 was required to bring about a depression in the frog’s 
blood-pressure, while a much weaker one of Bad., was neces¬ 
sary to produce the heart stimulation and rise of pressure. 
M/32 barium chlorid was toxic to the frog, and would quite 
often entirely stop the heart for several seconds; M/128 BaCk 
had the usual tonic action. 

It was in working out the initial object of this research 
(that of determining the value of the frog’s blood-pressure as 
a means of standardizing adrenalin) that obstacles were en¬ 
countered which would seem to rule out the frog as a reliable 
animal for this kind of work. The initial dose of adrenalin 
would always cause a considerable rise in pressure—some¬ 
times as high as 12-15 mm.—but the effect of succeeding in¬ 
jections declined rapidly till the fourth or fifth dose, which 
would cause a change of probably 1-3 mm., this effect remain- 

3. Burket, I. R. Amer. Journal of Physiology, 1912, XXX, IV, p. 382. 

2—Univ. Sci. Bull., Vol. VII, No. 12. 
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ing nearly constant for several doses, the size of the dose 
thereafter making but little difference. (The solutions used 
were: 1:100,000, 1:60,000, 1:30,000, and 1:10,000.) The rise 
in pressure lasted considerably longer than in the cat, and 
there was no after depression as in the cat, due, as was proved 
later, to impurities in the Parke-Davis adrenalin. But the 
peculiar decrease in susceptibility to the drug rendered it im¬ 
possible to determine with any degree of accuracy the strength 
of adrenalin used, or in the other part of the research, to ascer¬ 
tain the effect of the salts upon adrenalin pressure. 

This work was done at the suggestion of Doctor Hyde, to 
whom my best thanks are due for her valuable advice and help. 



Table Xo. I. Cat - Salt Effects. 

Amount Injected: 1 cc. of each solution. 

Amount of 

Solution. Strength. salt injec- Effect on blood-pressure. Effect on heart action. 
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Table No. III.— Salt Effects on the Frog. 
Amount injected: 0 25 cc. of each solution. 
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This was after the initial toxic effect had passed. 
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CONCLUSION. 

The frog’s blood-pressure is not a reliable means of stand¬ 
ardizing adrenalin, because the frog shows a decrease in sus¬ 
ceptibility to the drug after the first or second injection. 

With the exceptions of KC1, which required a stronger solu¬ 
tion to produce depression, and BaCL which required a weaker 
solution to increase pressure and heart action, the salts ex¬ 
perimented with had practically the same effect upon the frog 
as they had upon the cat. 
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THE INFLUENCE OF ALCOHOL UPON THE REFLEX 
ACTION OF SOME CUTANEOUS SENSE ORGANS TN 
THE FROG. 

BY IDA H. HYDE, RUTH SPRAY, AND IRENE HOWAT. 

Willi oim* ttwi figure 

(From (lie Physiological Laboratory of the Unhcrsily of Kansas ) 

T HE following questions form the basis of the present re¬ 
search : How soon after administering a minimal and 
and also stronger dose of alcohol does a change in leflex 
time appear? How long does the change last? When do the 
reflex actions cease? For how long a period are they absent? 
When does the reflex time become normal again ? The experi¬ 
ments were conducted on both spring and normal frogs of the 
species Ran a esculcnta and pipiens that were secured from a 
pond near by. They weighed from 25 to 60 grams and pos¬ 
sessed well-marked pigment spots. During the whole period 
of experimentation the frogs were kept in moist moss in high 
glass jars, the sides of which were covered with dark paper. 

Careful testing of most of the pigment spots revealed the 
fact that they may be regarded as peripheral sensory organs. 
Those on the head are innervated by branches from the cranial 
nerves, and those on the trunk and legs by spinal nerves. 
Moreover, some of these spots display a fairly constant reflex 
time to a definite stimulus when the frog is in a good con¬ 
dition, and others are peculiarly irritable. The same spot also 
varies more or less in its reaction time at different times of the 
day; so that each one may be said to havejts ownjaeriod of 

Received fur publication April ‘33, 1913. 
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reflex time. Those spots were finally selected for study that 
proved after prolonged testing most reliable and constant in 
their reactions to a definite stimulus. The position of the 
chosen spots are illustrated in text, figure 1. 

It was important to find a stimulus that was of a constant 
definite strength and that would neither injure nor fatigue 
the peripheral nerve ending. Pure neutral filter paper three 
millimeters square and moistened with 8 per cent pure acetic 


C 



acid was chosen. The acid paper was placed upon the desired 
spots with great care by means of a long, delicate forceps, so 
as to exclude sight and pressure stimuli. That these errors 
were avoided was proved by control experiments, during which 
the frog’s eyes were carefully covered by a specially devised 
hood. 

By the reflex time is meant the interval between the moment 
the paper touches the skin and the moment the frog made an 
attempt to remove it. It was found that if the acid was not 
rubbed off within one minute it never would be. As soon as 
the attempt was made, or if it was not made in one minute, 
the spot was washed off with fresh water. Thus fatigue and 
injury to the nerve ending in the spot was prevented, as was 
proved by testing the corresponding spot on the opposite side 
of the body that had not been stimulated before. By this 
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means, and also from control experiments on unalcoholized 
frogs with 8 per cent acetic acid, it was proved that under the 
conditions of experimentation fatigue of the peripheral nerve 
ending due to the stimulus played a subordinate part in the 
results. 

Fixed doses of pure alcohol, varying from 10 to 95 per cent, 
were experimented with. The dose determined upon for the 
different investigations consisted of a definite number of cubic 
centimeters of the desired per cent of alcohol for 10 grams 
frog. 

The alcohol was given per stomach, either in gelatine cap¬ 
sules or through a pipette, or by subcutaneous injections into 
the lateral lymph sack. The last method proved most satis¬ 
factory, because this manner of administration annoyed the 
frog less, and it was essential to avoid unnecessary excitement 
or stimulation, in order to keep the conditions uniform 
throughout. The alcohol has its depressing effect about five 
minutes earlier when given per stomach, being absorbed more 
readily than when given subcutaneously. 

The method of experimentation required that the reflex 
time of each one of the sensory pigment spots of a series be 
first secured from an unalcoholized frog. The frog that was 
to be experimented on, moreover, must have shown from re¬ 
peated tests that the responses were constant for long periods 
of time. The reflex time for each spot having been secured, 
the desired dose of the alcohol was given, and at once every 
spot of the series was tested. This procedure was repeated 
every ten minutes for about two hours of experimentation, and 
again six or twenty-four hours later, allowing an interval of 
ten minutes rest between each test. The turn-over, compensa¬ 
tory and swimming reflexes were also tested. Table I il¬ 
lustrates the method of recording the observations. While one 
of us recorded the reaction time, the other applied the acid to 
the spots and swabbed it off immediately after the frog re¬ 
acted. If it did not react, the acid was washed off after one 
minute. 

It was of interest to find the weakest dose of alcohol that 
produced a change in the reflex time of the cutaneous sensory 
spots, and whether such a dose had any apparent effect on 
other reflex actions, such as turn-over, compensatory and 
swimming, or upon the general behavior of the frog; also to 
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learn whether increasing doses of alcohol slowed or quickened 
the reaction time; also the duration of the effect and whether 
it varied with different intervals of time. The doses varied 
from .05 cc. of 15 per cent per 10-gram frog up to 0.6 cc. of 
50 per cent, and even fatal doses of 1 cc. of 95 per cent alcohol 
per 10-gram frog were given. 

The reflex time so secured was compared with the reaction 
time secured before alcohol was given, and in a few cases with 
those secured after injecting Ringer solution in amounts usu¬ 
ally given in alcohol. Tests were also made to see if the 
mechanical stimulus of the needle would be a disturbing factor. 
From these observations the influence of alcohol upon the re¬ 
flex centers of some of the different cutaneous sensory spots 
was deduced. 

It was demonstrated that each spot had its own reflex time 
and its own degree of irritability, and that some were more 
resistant to the influence of alcohol than others. Spot o, 
figure 1, for instance, was especially resistant; the acid paper 
rubbed off within one second, and weak doses of alcohol that 
affected the reflex time of all the other spots produced no 
effect upon this spot. Not until a dose of 0.3 cc. of 30 per cent 
alcohol per 10-gram frog was given did the spot fail to re¬ 
spond, and then only for a short time. Larger doses, 0.6 cc. 
of 50 per cent alcohol per 10-gram frog, that caused a loss of 
the reflexes of the other spots and a depression of the turn¬ 
over and other higher reflexes, would, however, cause a loss 
of response from this spot as well. 

It was shown that alcohol in quantities so small that it ap¬ 
parently produced no effect whatever upon the frog has a de¬ 
cided influence upon the reflex centers of some of the cutaneous 
areas; at least in so far as to lower their irritability and to 
prolong their reaction time. When once affected by alcohol, 
they do not become normal in their response again for some 
time. 

From repeated tests in a large series of experiments it was 
seen that doses less than 0.05 cc. of 15 per cent alcohol per 10- 
gram frog had no more effect upon the reflex time than had an 
equal amount of Ringer solution. But beginning with 0.1 cc. 
of 15 per cent alcohol, all the other doses that were given had a 
depressing effect upon the reflex actions; that is, they caused 
the interval between stimulations and response to be prolonged 
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or the reflex action to be lost or become irregular in its re¬ 
sponse within ten minutes. This change lasted from one to a 
half-hour after injecting the alcohol. Often 0.1 cc. of 15 per 
cent alcohol and 0.1 cc. of 30 per cent alcohol produced no dif¬ 
ference in the same frogs. The effect of the dose, it seems, 
depends largely upon the condition of the frog and the suscepti¬ 
bility of the special sensory spot tested. With doses beginning 
with 0.3 cc. of 15 per cent alcohol to about 0.3 cc. of 30 per cent 
alcohol, the turn-over, compensatory and equilibrium reflexes 
are not depressed, but the frog seems very irritable and rest¬ 
less, often failing to remove the stimulus in its attempts to 
jump out of the jar. With doses of 0.3 cc. of 30 per cent alco¬ 
hol the frog immediately gets sluggish and greater depression 
of the reflex time is produced, not only in the skin reactions, 
but also in the higher reflexes; even spot c sometimes fails to 
react. Doses of 0.5 cc. of 30 per cent alcohol cause a loss of 
all skin reflexes and of muscle tone. Frequently, following- 
such a dose the frog lies flat and is sluggish, has labored 
respiration, and the turn-over, equilibrium and other higher 
reflexes are lost for five minutes or more. Later, in some 
cases, the frog moves about restlessly and makes only weak 
attempts to remove the stimulus, or it may seem apparently 
lifeless and all skin reflexes abolished for about one hour. 
With larger doses of 0.6 cc. of 50 per cent alcohol, the turn¬ 
over and higher reflexes are lost within ten minutes and for 
one to two hours, but in twenty-four hours they are again 
normal, not, however, the skin reflexes. Doses of 0.8 cc. of 
95 per cent alcohol proved toxic. 

It was observed that when the spots fail to respond after a 
given dose they do so immediately, and the depression in¬ 
creases and is of longer duration with increase in dose, until 
with one of 0.6 cc. of 50 per cent alcohol, when the skin and 
higher reflexes are all lost for from one to two hours ”.nd the 
skin reactions are not normal again even after twenty-four 
hours. Sometimes, following such a dose, respiration ceases 
and tetanic convulsions appear that last for about one hour. 

In connection with these experiments it was of interest to 
determine what some of the doses of alcohol per gram animal 
would amount to for man. Sherry, orange and port wine con¬ 
tain from 15 per cent to 20 per cent alcohol, claret and white 
wine from 10 per cent to 14 per cent, beer from 4 per cent to 



234 


KANSAS UNIVERSITY SCIENCE BULLETIN. 


10 per cent, with a large amount of other ingredients, while 
whisky and brandy contain from 40 per cent to 50 per cent. 

A dose of 0.1 cc. of 15 per cent alcohol per 10-gram frog, 
which would produce no preceptible change in the behavior 
of the frog, but would cause an immediate depression, and in 
some instances a loss of reflex action that lasted for an hour 
or more, and not giving place to normal after six hours, would 
be equivalent to 1 pint of sherry or orange or port wine or 
1.13 pints of claret or 2 pints of strong beer for a man of aver¬ 
age weight, or about 64.7 kilos. 

In general, we may say that alcohol in small quantities, even 
when no perceptible change in the behavior of the frog is 
noticed, lowers their reaction time. When the reflex centers 
have once been affected, even slightly, they do not become nor¬ 
mal again for six to twenty-four hours. Therefore, even small 
quantities of alcohol exert a depressing chemical action upon 
certain parts of the nervous system, which effects may in¬ 
directly affect the muscle tone and vasa motor and cutaneous 
thermal reflex actions more or less seriously. The larger the 
dose the greater the effect and the quicker it comes on after 
giving the alcohol. The effect of the alcohol depends somewhat 
upon the individual. Some frogs become excited, others slug¬ 
gish ; but there was always a depression of the nervous reflex 
centers. Certain cutaneous nerve organs in the frog are more 
irritable, and also more susceptible to the influence of alcohol, 
than others. The skin reflexes are affected by smaller quan¬ 
tities of alcohol than the turn-over, swimming, compensatory 
and equilibrium reflexes are. Tt also takes them longer to 
become normal again. Alcohol taken in sufficient quantities, 
0.6 cc. of 50 per cent, for instance, causes loss of all reflexes, 
a loss of muscle tone, unconsciousness and convulsions similar 
to those caused by strychnine poisoning. 

SUMMARY. 

1. Certain sensory spots in the frog’s skin differ not only 
in irritability and reflex action, but in susceptibility to the 
influence of alcohol, and they vary more or less in their reflex 
time at different intervals of the day. 

2. The sensory spots or cutaneous sensory organs that were 
experimented on are affected by much smaller quantities of 
alcohol than are the turn-over, swimming, compensatory or 
equilibrium reflexes. When the dose is sufficient to produce 
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any effect at all, it is always a depressed or slowed response 
to the stimulus, never causing a stimulating effect or shorter 
reflex time. 

3. Doses less than 0.05 cc. of 15 per cent alcohol per 10- 
gram frog produce no more change in the reflex time of some 
of the cutaneous sensory organs than does the same dose of 
Ringer solution. But a dose of 0.3 cc. of 30 per cent, though 
seeming to stimulate by causing the frog to become irritable 
and active, nevertheless produces a depression, or causes ir¬ 
regular responses, or an entire loss of the reflex action. These 
changes are observed in all of the spots experimented on ex¬ 
cepting c, which is not influenced by weak doses. 

Moreover, these changes appear within ten minutes after 
injecting the alcohol, and persist for from one to one and a 
half hours. Doses above 0.3 cc. of 30 per cent to 0.6 cc. of 50 
per cent produce within five minutes great changes in the 
frog’s behavior and appearance. Often the frog assumes a 
fl at, sluggish and dazed attitude. Both the cutaneous and 
higher reflexes are lost. The muscle tone is much decreased, 
respiratory activity is not perceptible, and tetanic convulsions 
may set in with the stronger doses. This condition may con¬ 
tinue from one-half to two hours, but the reflex time of the 
cutaneous sensory organs do not become normal again even 
after twenty-four hours. 

Alcohol in quantities too small to produce any apparent 
effect upon the frog has a decided influence upon the reflex 
centers of some of the cutaneous sense organs, at least in so 
far as to lower their irritability and reaction time. When these 
centers are once affected by alcohol they do not become normal 
again in their reflex responses for from six to twenty-four 
hours. 

When the sensory spots fail to respond to a dose, they do so 
immediately, and the depression increases, and is of longer 
duration with increase in dose, until with 0.6 cc. of 5C per cent 
alcohol, when all of the sensory spots, and the higher reflexes 
as well, are either much prolonged or lost entirely for several 
hours, the length of their absence depending upon the condition 
of the frog experimented on. One cc. of 95 per cent alcohol is 
toxic. 

It was observed that even small quantities exert a depress¬ 
ing chemical action upon certain parts of the nervous system, 

• 2-Univ. Sci. Bull., Vol. VII. No. 13. 
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Table I. A Type Table of Observations. 
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and affect the muscle tone, vaso motor and cutaneous thermal 
reflex actions to a degree depending upon the susceptibility 
and condition of the nervous centers. 

Doses of 0.1 cc. of 15 per cent alcohol per 10-gram frog would 
be equivalent to' one pint of sherry or orange or port wine, or 
1.13 pints of claret or two pints of strong beer for a man of 
average weight. This dose caused in the frog a depression of 
the reflex time of the cutaneous sensory organs. 

Explanation of Table i. 

A copy of a table of observations chosen at random, 0.8 per cent acetic 
acid used as a stimulus. 

Column 1 records at intervals the time of day, in hours and minutes, 
when the experiment was conducted, first on the unalcoholized and later 
on the alcoholized frog. 

Column 2 records the reading of the second hand of the watch when the 
acid paper was applied. 

Column 3 records the reading of the second hand when the frog at¬ 
tempted to rub off the paper. 

Column 4 gives the reflex time; that is, the seconds elapsing between 
the application of the acid and the attempt of the frog to rub it off. 

Column 5 indicates the area on which the acid paper was put. See 
figure 1. (—) means that the frog failed to react within one minute. 

From such data we would conclude: 

1. That this particular frog had been at the beginning of the experi¬ 
ment quite normal, in that it responded well to the stimulation and quite 
constantly, the reaction time being about the same for the same spots, 
even at quite different times of the day (10 A. m. and 4:30 p. m.). 

2/ That the reflex centers of most of the spots had been immediately 
affected by injecting 30 per cent alcohol in the amount of 0.1 cc. per 10 
grams of its weight, c being the only spot not quickly affected. 

3. That spots a and b were most quickly and longest affected, not 
reacting once within about an hour and a half after the injection, at 
which time the experimenting was stopped for that day. That c was 
least affected, being one of the spots which never failed utterly to react. 

4. That the frog was not quite normal the following day, reacting 
somewhat more irregularly than normally. 

5. That this dose is not sufficient to produce any apparent effect on the 
turn-over, swimming, compensatory and equilibrium reflexes. 



288 


KANSAS UNIVERSITY SCIENCE BULLETIN. 


BIBLIOGRAPHY. 

1. Cushny. A Textbook of Pharmacology and Therapeutics, 1899, 

pp. 180-188. 

2. Schmiedeberg. Grundriss der Artzneimittel-Lehre, 1883, pp. 625- 

627. 

3. Binz. Verhaudlungen des VII Congress fur innere Medicin, 1888, 

p. 70. 

4. Bunge, G. Lehrbuch der Physiologie und Pathologische Chemie, 

1898, p. 131. 

5. Pembrey and Phillips. The Physiological Action of Drugs, 1901, 

p. 22. 

6. Lee and Salant. This Journal, 1902, VIII, No. 1. 

7. Beyer, Hans von. Archiv ftir die Gesammte Physiologie, 1913, 

XCIX, Nos. 9-10, p. 481. 

8. Kochmann. 1904, XIII, p. 329. 

9. Sollmann. Textbook of Pharmacology, 1906, pp. 404, 870. 

10. Dixon. Journal of Physiology, 1907, XXXV, p. 346. 

11. Lussana, F. Archivia di Fisiologia, 1907, IV, pp. 74-80. 

12. Nazari, V. Rendi di Real Accademia de Lincei, 1908, XVII, No. 2, 

pp. 166-172. 

13. Miller, J. L. Journal of American Medical Association, 1910, LV. 

14. Brown, T. Graham. Quarterly Journal of Experimental Physi¬ 

ology, 1910, III, p. 319. 

15. Brooks, Clyde. Journal of the American Medical Association, 1910, 

LV, No. 5, p. 372. 

16. Mackenzie, J. F.; and Hill, Leonard. Journal of Physiology, 1910, 

XLI, p. IV. 

17. Abel, John J. Science, 1911, XXXIII, No. 854. 

18. Foerster, R. Archiv ftlr die Gesammte Physiologie, 1912, CXLIV, 

p. 67. 



THE 


KANSAS UNIVERSITY 
SCIENCE BULLETIN. 

Vol. VII, No. 14.—January, 1913 

(Whole Series, Vol XVII, No 14 ) 


CONTENTS: 

COLLINEATIONS IN SPACE OF FOUR DIMENSIONS . R. S. Pond. 


PUBLISHED BY THE UNIVERSITY, 

LAWRENCE, KAN. 


Entered at the post office in Lawrence aa second-class matter. 


4*5269 




THE KANSAS UNIVERSITY 
SCIENCE BULLETIN. 


Von. VII, No. 14] JANUARY, 1913. [voJ.'.xvn'so u. 


COLLINEA IONS IN SPACE OF FOUR 
DIMENSIONS.* 

by r. s. POND. 

T HE object of this paper is to outline the theory of 
collineations in space of four dimensions; in 
particular, to derive what Professor Newson has called 
the “normal forms,” and to deduce the twenty-seven 
types of collineations which exist in the R t . 

The subject is introduced by a brief discussion of the 
ordinary analytic form of a collineation in point coordi¬ 
nates with regard to its geometrical interpretation, and 
of the dependent transformations which line, plane and 
space coordinates undergo. The geometrical termi¬ 
nology followed is that of M. Jouffert, in his Traite de 
Geometrie a Quatre Dimensions. 


* Received for publication September 23,1912. 
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Part I. 


General analytic form of collineation in the R t . 
§ 1. Consider the substitution T: 


X' = 
Y' = 
Z' = 
U' — 


an x + fli2 y + + 0n u + 0i6 

051 X -+■ 052 V + ®63 Z 4* ®54 0 + 055 

&2\ % 4- 032 V 4 a 2j z -f* 034 ti 4 025 
051 * 4" 053 y 4” 063 2 4* °54 W 4- 055 

0-n % 4* 0 >2 2/ 4~ 0 ji z 4~ 034 u 4~ 035 
O51« 4- a 62 y + a B1 z 4 - 064 u + a 65 

041 x 4~ 042 y 4* 043 z Hh 044 0 4- tin 
a*i x 4 * ®62 y 4- 053 z 4 - O54 u 4 * 055 


x 

v 

V 

v 

z 

V 

u 

V 


This substitution changes the set of numbers x, y, z, 
u, into the set x', y', z', u'. If we take x, y, z, u, to 
be the Cartesian coordinates of a point in the R u re¬ 
ferred to four mutually perpendicular spaces as spaces 
of reference, then the substitution transforms the point 
whose coordinates are x, y, z, u, into the point x', y', 
z', u'. If we solve the four equations of T for x, y, 
z, u, we get a transformation of the same form as T, 
viz., T~* : 

y _ An s' + Ai, y' + Ail s' + All + A 6 i _ X/ 

Ait x f 4- -<426 y f 4- ^4s6 z f 4- -<446 u 1 4- ^4 fi6 

with three similar expressions for y, z, and u, where 
A XJ is the co-factor of a t) in the matrix 


a u 

012 

013 

014 

018 

<*21 

022 

022 

024 

026 

031 

03. 

033 

034 

035 

041 

042 

043 

044 

046 

061 

062 

063 

064 

066 


Evidently T and T~* set up a one-to-one correspond¬ 
ence between the points of the R t . T~‘ always exists 
if A ^ 0, A being the determinant of the matrix (a). 
By T the point X=*Y=Z= U=0 is transformed into 
the origin x' — y’ — z' = u’ — 0 . The origin goes over 
into the point 
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All points of the space 7 = 0 go into the points of 
the space at infinity. 

Since T~ l transforms points of the space V'=0 to 
infinity, T must transform the points of the space at in¬ 
finity into the points of V' = 0. T and T~' may be 
written in homogeneous form as follows: 

(1) T: p x'i = a u x t + a it x t + a is x s + a u x h + a is x s , 

(2) T l \ px ( — A H x' t -f- A ti x' t -{-A ti x r s -\-A ii x\ -f- 

A S iX s (i — 1 , 2 , 3, 1 }, 5), 

where A i5 has the same meaning as before. 

§ 2. T transforms lines into lines; for if x, y, and 
z, are three collinear points, a relation exists: 

Z i = c l x i -\-c i y i (i = 1,2,3,4,5 ). 

Transform the three points by T into x', y', and z'. 

Then it appears that the same linear relation exists 
between x-, y/, and z/, namely: 

Z/ = c 1 x i ' + c t y i ', 

which means that x', y', and z' are collinear points also, 
and therefore lines go over into lines under T, and 
hence T is a collineation. A similar argument shows 
T sends planes into planes and spaces into spaces. 

§ 3. By means of T we can transform any six points 
of the into any other six points; for, if we lay down 
the conditions that a set of six given points be trans¬ 
formed into any other six points by T we obtain a set 
of thirty equations in thirty-one unknowns: the twenty- 
five parameters of (a) and six p’s. 

There is a solution of these 31 equations for which no p 
is o and all other solutions are proportional to this one. 
Hence six points can be transformed into any other six 
points in one and only one way, and in doing so we de¬ 
termine the collineation uniquely. 

a—Uttlv. Sei. Bull.. Vol. VH. No. 14. 
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§ 4. What points, if any, are left invariant under T? 

Any such points must satisfy the conditions 

PTi^O\\X\ + © 12*2 -H<ti j0?3-f- (taxi -I- 015*5 (t«l, £, S 9 4 f 5) , 

or, 

(3) (©11 =*P) *1 +©12*2+<*13*3 + &14*4+#15*5 “* © 

©21 *1 + ( ©22 ~ 1° ) *2 + ©23 *3 + a a4 *4 4- 025 *5 — O 

©31*1 +©32*2 + (©3J —/ > ) aj 3 + ©34*4+©35*fi ~0 
©41 0?i + © 42*2 + ©43*3 + (©44 P )®4 + ©45*5 **0 
©51 $1 + ©52*2 + ©53*3 + ©fi *4 + (fl55 P) *3 *** 0 . 

The necessary and sufficient condition that this sys¬ 
tem of equations has other solutions than x t — x t = 
x a =x i = x s = 0 is that their eliminant = 0 . 

This is a quintic in p and in general has five distinct 
roots, for each one of which we get a separate solu¬ 
tion of (3). 

Hence, in general, T leaves invariant a figure con¬ 
sisting of five distinct points and their joins, which are 
ten lines, ten planes, and five spaces. 

The equation in p is called the characteristic equa¬ 
tion of the collineation, and in a later section we shall 
investigate it more closely to discover what variations 
may occur in this invariant configuration. 

Part II. 

Dependent Transformations. 

§ 5. By the same argument that is used for space of 
lower order we can show that the ten determinants of 
the second order of the matrix 

» Xi X» X 3 X t r Xt 

Vi Vi Vs Vt Vs 

determine uniquely the line through the points x apd 
y and can be used as the homogeneous coordinates of 
the line. 



POND: COLLINEATIONS IN FOUR DIMENSIONS. 


246 


Likewise the third-order determinants of 

II Xi Xi as, X, x s || 


Vi vi y 3 v* v<, 

Z\ Z<± Z'i Zi Z*i 

may be used as homogeneous coordinates of the plane 
through the three points x, y, and z, and the five 
fourth-order determinants of 

II *1 Xi x ) x, x s II 


Vi Vi Vi Vi Vi 

Z\ Zi Zz Z 4 Z5 


II Ui Ui U 3 Ui U 5 II 

can be used as homogeneous coordinates of the space 
determined by the four points x, y, z, and u. Denote 
these line, plane, and space coordinates by p t , ,, q t , 3 . k) 
and respectively. 

When we transform our R k by T the p’s, q’ s, and s’s 
undergo certain transformations dependent on the T. 
The form of these dependent transformations we shall 
now show. 

Suppose x and y go into X and Y, respectively, under 
T. Then the line whose coordinates are the p’s goes 
into a line whose coordinates are 

P = 

11 Y t V, 

anXi + aviXz + aHXs + ^Xi + ^tiXs a\\Xi^a^X2 a ]i x 3 + a\AXi+ a^xs 

chi y i «+• a ia ya + a l3 03 -h «i4 04 -f a J5 05 o j 1 y \ -f aj 2 02 + ajs 03 + <*j 404 + a-js 0 s 

which turn out to be 


( 4 ) 


i = I ... 5 
j~l ... 5 


fl-ir &jr 

ttl# CL)§ 
r*l 
8 *= 1 


Pn 


5 

5 


i l 3 r l 8 

a linear transformation on the p’s whose coefficients 
are second-order determinants of (u) and whose deter¬ 
minant = A*. 
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These ten equations are not independent of one an¬ 
other, for, expanding the vanishing fourth-order deter¬ 
minants of the matrix 

%i X‘> x 3 x\ x 5 
yi y2 y-A y\ ya 

Xi Xi X 3 X4 x 5 
J/i 2 h 2/3 2/4 2 h • 

we find that the p’s satisfy the following five conditions: 

(1) Pl2 P34 4“ Pl3 p42 + Pl4 Pl'3 = O 

(2) pu P3S 4“ Pl3 Pa 2 + Pl6 P23 = O 

(3) Pl 2 PiU + Pl4 P 62 + Via P24 = o 

(4) p 13 P45 + Pl4 P5 3 4* pl5 P34 = 0 

(5) />23 P45 + P24 Pa I + P20 P34 = O . 

Now any pair of these five equations is equivalent to 
any other pair. Multiply (1) by p 36 , (2) by p sl , and 
subtract. This gives 

(i) Pl3 P42 P36 4" Pl4 P23 P35 4- Pl3 P 26 P34 4“ Pl5 P,12 P34 = O . 

Then if we multiply (4) by p n , (5) by p 31 , and sub¬ 
tract, we get identically (1). 

Hence the p’s are subject to three independent con¬ 
ditions. 

§ 6. In the same manner it can be shown that the 
q’s undergo a dependent linear transformation, whose 
coefficients are the third-order determinants of (e) and 
whose determinant = A s . The ten equations of this 
transformation are not independent, but are tied up to 
the same extent as the equations on the p’s. 

Similarly we have a transformation on the s’s of 
which the coefficients are the fourth-order determinants 
of (a) and whose determinant is = A*. 

Part III. 

Collineations in Normal Form. 

§ 7. In this section we shall develop through geo¬ 
metrical considerations our collineation in what Pro¬ 
fessor Newson has called the normal form. In this 
form the parameters of the collineation are explicitly 
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the natural parameters of the geometrical transforma¬ 
tion, namely: the coordinates of the invariant points 
and the characteristic cross-ratios along the invariant 
lines. 

Let a, b, c, d, and e be the five points invariant under 
our collineation, having coordinates (a (b,b t 
6,6*), etc. 

Suppose P and Q, having coordinates (x/x/x/x/) 
and (XtXtX'Xt), are two corresponding points under 
our transformation. Let PO, QS, PM, and QR be 
perpendiculars from Pand Q to the spaces bcde and 
acde, respectively. 

Now, acde and bcde are the double spaces of a one¬ 
dimensional pencil of spaces through the plane cde, 
and Pcde and Qcde are two corresponding spaces of 
this pencil. 

The cross-ratio of this pencil is 

PM . QR 
PO ' QS * 

Corresponding spaces of this pencil will cut the line 
ab in corresponding points of the projective range of 
points on ab, and the cross-ratio of the pencil of spaces 
must be the same as the cross-ratio along the line. 
Call this ratio Kab, then: 


p m . Q R 

p o • q s 


Kab. 


But PM: QR and PO : QS are the ratios of the volume 
of the pentahedroides Pcdea : Qcdea and Pbcde : 
Qbcde. Then we have: 

Pcdea . Qcdea _ P M . Q R __ 

Pbdea * Obdea P 0 Q S 


or 


xi f xj Xj! xS 1 

Cl C 2 C4 1 

d\ d 3 ds d+ 1 

« 2 6$ e * * 

ttl fl-2 Ol 1 


Xi X 2 X 3 Xi 1 

C\ C2 63 C4 1 

d\ d'i d 3 di 1 

e\ 62 63 64 1 

ai CL2 ®3 0-4 1 
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We have four linear equations to determine 
x' t x\ } which is the proper number to give us a unique 
solution. Moreover, we have the twenty-four essential 
parameters of our collineation, namely, the twenty co¬ 
ordinates of the invariant points and the four inde¬ 
pendent cross-ratios K* K„ K„. 



POND: COLLINEATIONS IN POUR DIMENSIONS. 


249 


That there are only four independent cross-ratios is 
easily seen from the theorem that the product of cross¬ 
ratios around any invariant triangle is unity. 

So the cross-ratio along some other line of the figure 
than the four chosen, K hd , say, is directly dependent 
on K& and K^. 

The system of four equations, just deduced, involv¬ 
ing the variables as shown, is called the implicit normal 
form of the collineation. 

We wish to express the four x"s explicitly in terms of 
x’s and the natural parameters. This necessitates a so¬ 
lution of the four equations simultaneously, which by 
the ordinary methods of elimination is very cumber¬ 
some. But since the answer is known from the form 
which the collineation takes in space of lower order, it 
is sufficient to set up our explicit normal form and 
identify the resulting collineation with the implicit 
form that we are solving. 

This form is: 

Xi X 2 X 3 Xi 1 0 
d i d 2 dj Cl 4 1 CL\> 
bi 62 63 bi 1 kbi 
c 2 c 3 c 4 1 k'ci 
d\ d 2 d 3 d 4 1 k"d[ 

(6) = ei e 2 e 3 e A l k" f e\ 

=* l t 2 t 8, U x\ x 2 x 3 Xi 1 o 

CL\ &2 CL 3 CL a 1 1 

b\ 62 b 3 bi 1 k 
Ci c 2 c 3 c 4 1 k f 
di d 2 d 3 di 1 k n 
ei e 2 e 3 Ck 1 k ,n 

where k, k', k" and k'" are K ab , K My and K a 
respectively. 

In homogeneous form this becomes 


i-l, 2 , S, i, 5 


X\ X 2 X 3 Xi X 5 0 
d\ d 2 d 3 di d 3 di 
b 1 62 b 3 ^4 ^5 

Ci C2 C3 c 4 c& k f C{ 
d\ d 2 d 3 di d$ k ,f d{ 
61 c 2 c% c 4 c 5 k f,, C\ 


( 7 ) 
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To show that (5) and (7) are identical collineations, 
make (5) also homogeneous and take for the invariant 
pentahedroid the frame of reference whose vertices are 

a — o o o o 1 
b — 1 O O O 0 
C — 0 1 0 0 0 

, d — o o 1 o o 

e — o o o 1 o 

Then both (5) and (7) reduce to the same canonic 
form: 

i> X\ f = k X\ 

V X 2 f = k f X 2 

(8) ' 1* X : / = k"x 3 f 

i> xl — k f,f x A 

9 Xr! = x& 

and the two collineations must be identical. 

§8. The determinant of the form (7) consists of 
twenty-five terms, each term being a determinant of 
the fifth order, and factors easily into 

CL\ CL 2 C&3 CL4 CL& A.i Ay A3 A4 A5 

b\ 62 63 64 65 B\ B 2 Bz B\ B& 

D = kk'k"k'" «. c 2 c-j c, c 5 x c, c 2 c 3 c «c 6 

d\ d 2 d 3 di dft D\ D 2 jDj D4 D& 

€\ €2 €4 Cft E\ E 2 E& E\ Eb 

where A i5 is the cofactor of a iS in the first determinant 
of this product. 

We can write this product in the following way with¬ 
out altering its value: 

A\ B x C\ D\ Ei 1 0 o 0 0 ai a 2 a 3 a 4 a 5 

A 2 B 2 C 2 D 2 E-t 0 k 0 0 0 61 62 63 64 65 

A = As Bz Cz Dz Ez X 0 0 k f o 0 X Ci c 2 c* C4 Cs 

A 4 B4 C4 D4 E4 000 k" 0 d\ d 2 dz <^4 df 

Ac B 5 Cft D 5 E s 0000 k! n ei e 2 e 3 e 4 05 

The matrix of A is equal to the product of these 
three matrices, and we have therefore factored our 
transformation, which we may call T t , into the product 
of three transformations with matrices (A), (k) and 
(a). Now (A) is the inverse transformatian of (a). 
Hence we have T, = Tj 1 K T t . 
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Therefore any collineation in normal form is the 
transform of its canonic form by a collineation whose 
coefficients are the coordinates of the invariant points 
of the original collineation. 

§ 9. Inverse of Normal Form. A glance at (5) 
shows that the inverse of T is obtained by simply 

replacing x { by x' t and k {i) by-^. Hence: 

X'\ X f 2 as';, X f 4 as'5 o 

0-1 O 2 O 3 O 4 O5 Oi 
b\ 62 b% bi 65 —j£- hi 

1 

Cl C 2 C3 C4 C5 ^ c, 

di d 2 d 4 d 5 ^77 di 

1 

Cl C 2 C;, 64 65 Ci 

§ 10 . Resultant 0 / TW Collineations. Let T and T, 
be two collineations with matrices (a) and (a'), re¬ 
spectively. 

T : px'i^auXt + auX^aisXs + auXt+auX', 

T, : p'x" i = a' it x' t + a' it x' ll + a'i S x' s +a' u x' i +a , i5 x' 5 . 

We can determine T t — TT, as follows: 

T-*= ~/\Xi~ AjiX 1 t-^-AtiX 1 t-^-AfiX .*- 4 * AtfX'^AnX' s . 

Now take the five equations of T~ l with one equa¬ 
tion of T t and eliminate the x' ’s. The eliminant is 

— />' x n \ a'n a' 12 a'& a'a a'$> 

— ~X\ An An An An An 

— ”■ X2 Avi A22 Am An Am 

— ~ x* A is A23 Am An Am 

— — 0J4 Al 5 A24 A 84 A44 Afi 4 
p 

_ ~ #6 Al 6 A26 A 86 A 45 Aes 
p 

8 -Univ. Set. Bull., Vol. VII. No. 14. 


= 0 
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which solved for x"i gives 


p"x"i 


Xl Xl Xa Xi ' X6 0 

An A12 An An An o'u 
A21 A22 A2H A24 A26 (L f \2 
An An An Am A% a'i 8 
An Ai2 A43 An An o'i 4 
An An An Am Abb a'i6 


This is evidently T, , the resultant of T and T,. 


§ 11. Cross-ratio of the Resultant. The form of the 
cross-ratio of the resultant of two collineations can 
easily be shown by considering the canonic forms of 
the collineations. 

Suppose T and T t in canonic form are 
T : p x/ = k (i) x t , 

T t : p xf = kf x { '. 

By eliminating x\ we have 

T t : p xf = &«> k u) Xf , 

that is to say: the cross-ratio of the resultant of two 
collineations along a line invariant under both collinea¬ 
tions is equal to the product of the corresponding cross¬ 
ratios of the two collineations. 


§ 12. Roots of the Characteristic Equation. It was 
shown in § 5 that there are five values of p for which a 
point is left invariant under T. Our normal form of 
T gives an easy solution for these five roots of the char¬ 
acteristic equation, showing their relation to the cross¬ 
ratios and the invariant points. The five roots must 
satisfy identities of the following form, where p B is the 
value of p for which a point a is left invariant. 

01 a* as 04 ob 0 

ai 02 os 04 05 oi 

_ 61 62 &8 64 bb k b[ 

P«®< — ci a a a ct k'd 
di dt dacU dak"di 
ei to ea to to k'" 
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• Q — a/ (where A' is the determinant of the 

* * a invariant points.) 

pi = k A' 
p„ = k' A' 
p d = k" A' 
p. = k"' A'. 

Evidently the p’s are proportional to the cross-ratios 
of the collineation. 


Part IV. 


Types of Collineations. 

§ 13. Collineations are classified by types according 
to the geometrical figure that they leave invariant. 
These figures can be deduced from a consideration of 
the character of the solution of the characteristic equa¬ 
tion: 


(an — /') avi avA an aid 
a2i a22 — (> aw a24 aw 
as i arc as3 —{•as\ aw 
an a 42 048 au—f> oak 
a^i as2 aw a&4 aw — z 3 


0. 


We shall consider first the solutions where our matrix 
is of rank four. 

There are five roots which may be: 

Five distinct roots. 

Three single roots, one double root. 

One single root, two double roots. 

One triple root, one double root. 

One triple root, two single roots. 

One quadruple root, one single root. 

One quintuple root. 

Multiple roots show multiple points for the invariant 
figure. What sort of a configuration do we have at 
such a point ? 

Let two points a and b approach coincidence along a 
curve on a hyper-quadric surface with no singularities 
along the path of approach. 
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When b is near to a the coordinates of the line ab 
become 

di Ctj 

di + ACti Oj + Afltj 

_ d\ Ctj 

_ A di A Oj 

Oi Oj 

= p A Oj A Oj 

AS A8 

where A oi indicates an increment of a { . 

At the limit these homogeneous coordinates become: 

Oi Oj 
0 d Oj d Oj 

ds di 

But these are the coordinates of a line through two 
consecutive points of the curve; that is, a tangent to 
the curve at a. So that at a double point we have 
an invariant lineal element. 

Similar considerations show that at a triple point we 
have an invariant plane having only this point in com¬ 
mon with the rest of the invariant figure. And at a 
quadruple point we have an invariant space having only 
this point in common with the remainder of the in¬ 
variant configuration. 

What happens when the rank of this matrix is less 
than four? 

In the first place, if the rank of the matrix is less 
than four for some value of p, p, say, we know that p, 
is at least a double root, for if the first minors of A (p,) 
become o, A'(p,) = o, which is the usual criterion for a 
multiple root. Should the rank be lower than three, 
A"(p,) = o, and we have a root of at least multiplicity 
three; and so on. 

What are our invariant figures in these cases? For 
the case of a matrix of rank three, the solution of three 
of the equations (3) of section 1 gives us the point or 
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points corresponding to the value of p , for which our 
matrix has this rank. In the solution of these equa¬ 
tions, we may assign values arbitrarily to any two of 
the variables and determine the other three uniquely. 
Hence we get a single infinity of solutions for the ratios 

Xi X* Xa %4 
SCa Xu >C ■> CCb 

and our invariant figure'corresponding to this value of 
p is a line of all invariant points, the line of intersection 
of the three spaces given by the three equations solved. 

For a root for which the matrix is of rank 2 we have 
two of the equations to solve, and get a plane of inva¬ 
riant points. 

If the matrix is of rank o all points are invariant un¬ 
der T y and we have the identical collineation. In de¬ 
ducing the complete invariant figure we are aided by 
the principle of duality. The figure must be com¬ 
pletely dualistic with regard to points and spaces, and 
with respect to lines and planes. 

Also, we know that the collineation in any plane of 
the figure must be one of the five well-known types of 
plane collineation. The considerations given above are 
sufficient to determine completely the invariant figure 
in every case except when we have a quintuple root for 
which the matrix is of rank 2 or 3. The last of these 
gives us three distinct types. We have a range of 
points in a line, hence, dualistically, a pencil of spaces 
through a plane. This plane may intersect the plane 
which is the dual of the line of points (1) in a point, 
(2) in a line, (3) or may coincide with it. 

If the matrix is of rank 2 the line of axis of the two- 
dimensional space pencil may intersect the plane of all 
invariant points or may lie in the plane. 

There are 27 types of collineation in the R t , includ¬ 
ing the identical collineation, and following is a table 
in which the invariant elements are counted for each 
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type. In the case where one element of a range or 
pencil is specially singled out by some property, as for 
instance, when one point of a range is the vertex of a 
pencil of lines, it will be counted separate from the in¬ 
finity of elements to which it belongs. 

The first seven types occur when the matrix is of 
rank 4. 


I. 5 points — all distinct. 

10 planes. 

10 lines. 

5 spaces. 

II. 4 points —1 double, 3 single. 

7 lines. 

7 planes. 

4 spaces. 

III. 3 points — 2 double, 1 single. 

5 lines. 

5 planes. 

3 spaces. 

IV. 2 points — 1 double, 1 triple. 

3 lines. 

3 planes. 

2 spaces. 

V. 3 points— i triple, 2 single. 

4 lines. 

4 planes. 

3 spaces. 

VI. 2 points—1 quadruple, 1 single. 

2 lines. 

2 planes. 

2 spaces. 

VII. 1 point—quintuple. 

1 line. 

1 plane. 

1 space. 

VIII. 3 single roots —1 double, matrix of rank 3. 

3-b 00 points — 3 single points, 1 range of points. 

4 4 - 3 00 lines — 1 line containing range of points; 3 lines, axe 

of pencils of planes; 3 pencils of lines. 

4 4 - 3 ® planes—1 plane, axis of space pencil; 3 planes con¬ 
taining pencils of lines; 3 pencils of planes. 

3 4- °° spaces—3 single spaces; I pencil of spaces., 

IX. 2 double roots, rank 3; 1 single root. 

1 4- 2 *> points -1 single point; 2 ranges of points. 

2 4 - 2 «» 4- 002 lines—2 lines containing ranges of points; 2 pen¬ 

cils + oo pencils of lines. 

2 4- 2 «• 4 - » 2 planes —2 planes, axes of pencils of spaces; 
2 4 - op peneils of planes. 

1 4- 2 » spaces— I single space; 2 pencils of spaces, through 
two planes. 
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X. 1 double root, rank 3; 1 of rank 4 ; 1 single root. 

2 + 00 points—X single; 1 double; X range. 

3 *f 2 oo lines 2 lines, axes of pencils of planes; 1 line, range 
of points; 2 pencils of lines. 

34-2 a> planes —2 planes containing pencils of lines; 1 plane, 
axis of space pencil; 2 pencils of planes. 

2 -f oo spaces —2 single spaces; 1 pencil of spaces. 

XL 1 double root, rank 3; 1 triple root, rank 4 . 

l+oo points —1 triple point; 1 range. 

2 +oo lines —X line, range of points; 1 line, axis of pencil of 
planes; 1 pencil of lines. 

2 +oo planes — X plane, axis of pencil of spaces; 1 plane con¬ 
tains pencil of lines; 1 pencil of planes. 

1 + » spaces — 1 triple space; 1 pencil of spaces. 

XII. 1 double root, rank 4; 1 triple root, rank 3. 

1 + 0 ® points —1 double point; 1 range. 

2 + 2 oo lines —1 line, axis of pencil of planes; 1 line, axis of 
pencil of planes, and containing range of points; 2 pencils 
of lines. 

2 + 2 a® planes —1 plane, axis of pencil of spaces, and contain¬ 
ing pencil of lines; 1 plane containing pencil of lines; 2 
pencils of planes. 

1 +® spaces — 1 space; 1 pencil of spaces. 

XIII. 1 double root, rank 4; 1 triple root, rank 2 . 

X + ooa points — 1 double point; 1 plane of points. 

1 + 2 »2 planes —1 line, axis of pencil of planes; <*>- lines 
from point to plane, each containing pencil of planes; «,* 
lines in a plane. 

1 + 2 ooa planes — 1 plane of «>- points; <*> 2 planes through a 
line and points in plane; « a planes through lines from 
point to plane, each containing a pencil of lines. 

1 + °o 2 spaces —1 double space; spaces through line. 

XIV. 1 double root, rank 3; 1 tiiple root, rank 2 . 

°o + oo 2 points — 1 plane of points; 1 range. 

oo 3 + ooa lines — <*> 3 lines from range to plane; *> 2 lines in plane 
of points. 

ooa + oo., planes — *> 2 planes from range to points in plane; °° 3 
planes through lines from range to plane. 

oo -p oo 2 spaces — 00 spaces through plane of points; °° 2 spaces 
through range of points. 

XV. 1 triple root, rank 3; 2 single roots. 

3+00 points —2 single points, 1 point of range, and range. 

4 + 3 oo lines —3 lines, axes of pencils of planes; 1 line, range 
of points; 3 pencils of lines. 

4 + 3 oo planes -3 planes containing pencils of lines; 1 plane, 
axis of pencil of spaces; 3 pencils of planes; 3 + 00 spaces. 

XVI. X triple root, rank 2 ; 3 single roots. 

2 + co* points — 2 single points; 1 plane of points. 

I + oo 2 + 2 » 2 lines — 1 line, axis of pencil of planes and of pen¬ 
cil of spaces; ® 2 lines in plane; 2® 2 lines from 2 points to 
plane of points. 

1 + OD 2 + 2® 2 planes — 1 plane of ® 2 points; ® 2 planes from line 

to points in plane of points; 2 002 planes through lines from 
2 points to plane of points. .. .. 

2 + »2 spaces —2 single spaces; °° 2 spaces through a line join¬ 

ing 2 single points. 
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XVII. Triple root, rank 8; double root, rank 8. 

1 + 2» points|— 2 ranges, and 1 point of 1. 

2 + 2® + ® 2 lines —2 lines, ranges of points; 2* lines in 2 

planes; axes of pencils of spaces; ® 2 lines joining two 
ranges of points. 

2 + 2® + ® 2 planes—2 planes; axes of pencils of spaces; 2* 
planes through ranges of points; ® 2 planes through lines of 
1 pencil|of lines. 

1 + 2® spaces —1 double space; 1 pencil of spaces. 

XVIII. Quadruple root, rank 3 ; single root. 

H-» points — 1 single point; 1 range. 

1 + oo + o°* lines— 1 range of points; 00 lines from point to 
range; 002 lines containing ® pencils of planes. 

I4.004-002 planes —1 plane from point to range; ® planes 
through range; ® 2 planes consisting of ® pencil of planes. 
l + « spaces — 1 single space, and a pencil of spaces through 
plane from point to range. 

XIX. Quadruple root, rank 2; 1 single root. 

I4-002 points — 1 single point; 1 plane of points. 

14-00 2 4-o° 2 lines —1 line, axis of ® 2 spaces; 002 lines from 
point to plane of points; ® 2 lines in plane of points. 

1 + 002 4- 002 planes — 1 plane containing® 2 points; ® 2 planes 

through line axis; ® 2 planes from point to lines in plane of 
points. 

1+ 002 spaces —1 single space; 1 pencil of ® 2 spaces through 
line axis of plane. 

XX. Quadruple root, rank 1; 1 single root. 

1+ 003 points —1 single point; 1 space of points. 

00.34-004 li ne s — oo3 lines from point to space; ® 4 lines in a 
space. 

0034.00 4 planes —® 4 planes through a point and lines of a 
space; ® 3 planes in a space. 

14- 003 spaces — I single space; ® 3 spaces through a point. 

XXI. Quintuple root, rank 3 . 

2 + « points — range; and 2 points of range. 

3 + 2® lines —2 lines containing pencils of planes; 1 line, 

range of points; 2 pencils of lines in 2 planes. 

3 + 2 ® planes —2 planes containing pencils of lines; 1 plane, 
axis of pencil of spaces; 2 pencils of planes through 2 lines. 
2+oo spaces — » spaces through a plane; and 2 spaces con¬ 
taining pencils of planes. 

XXII. Quintuple root, rank 3 . 

1 range of points, and 1 point of same. 

2 + « lines—1 line, axis of pencil of planes; 1 line, range of 

points; 1 pencil of lines. 

2 + « planes—1 plane, axis of pencil of spaces; 1 plane con¬ 
taining a pencil of lines; 1 pencil of planes. 

1 pencil of spaces and 1 space of same, containing pencil of 
planes. 
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XXIII. Quintuple root, rank 3. 

1 range of points. 

1 + oo -f »2 lines — 1 line, range of points; each point of this 
range is the vertex of a plane pencil of lines. Each line of 
1 pencil is the axis of a pencil of planes. 

1 + 00 + 002 planes—1 plane, axis of pencil of spaces; 1 pencil 
of planes through line, range of points; planes through 
the lines of one pencil of lines; 1 pencil of spaces. 

XXIV. Quintuple root, rank 2. 

l-l_oo 2 points — points in plane and l point of same. 

1 + °° 2 + °° 3 lines ~1 line, axis of pencil of planes; « 2 lines in 
plane; lines from point where line cuts plane. 

1 + 002 + 003 planes—1 plane of points; ®2 planes through 
line; » 3 planes through lines in plane and lines radiating 
from point. 

1 -f oo 2 spaces. 

XXV. Quintuple root, rank 2 — same as XXIV, except that line of axis 

of «2 planes lies in the plane of points. 

XXVI. Quintuple root, rank 1. 

1-I_oo3 points—1 space of points and 1 point of same. 

oo4 -j- «3 lines —oo 4 lines in the space, *> J lines radiating from 
point in the space. 

«o 4 -f oo3 planes — °° 4 planes determined by lines radiating from 
the space and lines in the space; « planes in the space. 

1 4- 003 spaces. 

XXVII. Matrix, rank o. 

Identical collineation leaving all points of the R 4 invariant. 


4—Unlv. Sci. Bull., Vol. VII. No. 14. 
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ALSOLA KALI L. var. tenuifolia G. F. W. Mey, commonly 
known as the Russian thistle, was imported from eastern 
Europe to South Dakota in 1873 or 1874. It is well 


adapted to flourish in dry and unfavorable soil, and is widely 


distributed in such places. The material with which I worked 


was collected in Logan county, Kansas, during the summer of 


1911, by F. A. Agrelius and Orville Wilson. 

Salsola kali L. var. tenuifolia is not a thistle, as it is com¬ 
monly called. It resembles very closely the common tumble¬ 
weed, Amaranthu8 albus, and also another tumbleweed, Cyclo- 
loma atriplicifolium, which belongs to the same family. The 
young and old plants differ widely. Both have terete leaves, 
but those of the young plants are long and succulent, while 
those of the old plant are short. These short leaves on the 
old plant are in rosette-like bunches. Each leaf, be it ever so 
short, produces a spine a trifle longer than those produced by 
the younger leaves. This added number of leaves, each with a 
spine, gives the plant a very prickly appearance. The photo¬ 
graph in figure 36, made by L. M. Peace, shows very clearly 
the difference between the old and young plants. 

Two characteristics make the plant less troublesome than 
some of our other weeds. First, it is easily killed; and second. 
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since the seed coats are readily penetrated by water, the seeds 
germinate quickly and are not apt to live long in the soil. I 
found that upon soaking the seeds over night, the embryos, 
which are green, had broken the seed coats and were uncoiled. 
Dry seeds planted under artificial garden conditions were 
germinated and through the soil in three days. This speedy 
germination is characteristic of the seeds of xerophytic plants. 

According to G. E. Patrick, Bulletin No. 26, Iowa Experi¬ 
ment Station, the Russian thistle is richer in protein than red 
clover; and I find, upon comparison with other data, that it 
is as rich in protein as alfalfa. The clovers obtain most of 
their nitrogen from the air, while the thistle derives its from 
the soil. 

The most striking anatomical feature in this species is the 
anomalous structure of the stem. This anomaly occurs in 
all Chenopodiacese in which the growth in thickness is con¬ 
siderable (Solereder, 1908). It consists in the appearance of 
pericyclic strips of cambium, which originate and lose their 
activity successively, forming secondary bundles outward and 
conjunctive tissue. In other members of the family the peri¬ 
cyclic cambium is a continuous ring, forming concentric rings 
of wood and phloem (Solereder, 1908). Figures 1 and 2 show 
the anomaly in Sdlsola kali L. var. tenuifolia. Figure 2 is a 
cross section of a young stem, where secondary xylem is repre¬ 
sented by heavy stippling in the vascular bundle. Figure 1 
is a cross section of a much older stem. Here the stippled 
sections in the vascular bundle ring indicate the masses of 
phloem. These retain their cellulose walls, while they are sur¬ 
rounded successively by xylem and prosenchymatous conjunc¬ 
tive tissue with lignified walls. Figures 4 and 6 illustrate the 
same in more detail. The root exhibits the same anomaly of 
structure as the stem. (Fig. 3.) The same peculiarity of 
structure is common in Airiaranthacese and Nyctaginaceee 
(Solereder). 

When viewed macroscopically, the stem of Salsola kali var. 
tenuifolia has usually eight principal longitudinal ribs more 
prominent than the channels and lighter in color. As the 
stem grows older these ribs and the trichomes that appear 
upon them become red. The ribs are composed of collenchyma 
cells with very thick cellulose walls. Figure 8 shows these 
cells in cross section, and figure 9 the same in longitudinal 
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section. These ribs in a stem five millimeters in diameter are 
0.216 millimeters thick radially, and 0.29 millimeters thick tan¬ 
gentially. The lumen of the average collenchyma cell averages 
0.0175 millimeters radially and tangentially, and 0.65 to 0.34 
millimeters longitudinally. The walls average 0.0044 milli¬ 
meters thick. The epidermal cells above these collenchyma 
cells are elongated, and there are no stomata here. (Fig. 13.) It 
is on these ridges that the trichomes appear. They consist of 
clothing hairs, some 0.2 millimeters long, others so short that 
they are nearly knobs. All of them have small basal cells. In 
some cases the basal cells are very small. (Fig. 11.) In all 
cases the cuticle of the trichomes is rough. Since the tri¬ 
chomes are on the ribs, they overhang the channels to some 
degree and quite effectively protect that portion of the stem 
which has the stomata. 

Between the ribs the epidermal cells are more or less isodia- 
metric, and the stomata are frequent. Their guard cells are 
arranged transversely to the longitudinal axis. The guard 
cells have sftiall projections of the cuticle that lap together 
when the stoma is closed. The lumens of the epidermal cells 
average 0.07 millimeters tangentially and 0.0175 millimeters 
radially. The upper wall averages 0.0175 millimeters thick, 
0.0058 millimeters of this being cuticle. The lower wall aver¬ 
ages 0.0029 millimeters thick. 

Beneath the epidermal cells in the channels are palisade 
parenchyma cells averaging 0.017 millimeters tangentially and 
0.0525 millimeters radially. Their walls average 0.0014 mil¬ 
limeters thick. Beneath these palisade parenchyma cells there 
is a second row of chloroplast-bearing cells with the plastids 
massed on the inner side of the cells. These cells average 0.05 
millimeters tangentially and 0.0175 millimeters radially and 
longitudinally. The upper walls average 0.0026 millimeters 
thick and the lower 0.00286 millimeters thick. Figure 5 shows 
these cells as they occur in the stem. In figures 27 and 28 the 
corresponding and very similar cells in the leaf are shown in 
detail. 

Beneath the cells just described and the subepidermal col¬ 
lenchyma rib is a strongly developed aqueous tissue, consist¬ 
ing of parechyma cells averaging 0.0875 millimeters radially, 
0.14 millimeters tangentially, and 0.13 longitudinally. The 
walls average 0.0058 millimeters thick. The tissue is two or 
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three cells deep. The cells have a few scattered chloroplasts, 
and many of them have large clusters of calcium oxalate crys¬ 
tals. (Figs. 5, 9, 14.) Beneath this aqueous tissue or paren¬ 
chyma of the cortex is a starch sheath. The lumen of the cells 
averages 0.0525 millimeters tangentially, 0.0175 millimeters 
radially, and 0.105 millimeters longitudianally. The walls 
average 0.0058 millimeters thick. 

Beneath the starch sheath is . the parenchyma of the peri- 
cycle, consisting of one row of cells with walls 0.0018 milli¬ 
meters thick and the lumen averaging 0.0262 millimeters 
tangentially, 0.0087 radially, and 0.122 millimeters longi¬ 
tudinally. The starch grains in the starch sheath are com¬ 
pound. (Figs. 16 and 17.) 

The anomaly of the stem structure gives the cross section 
of the vascular bundle ring a peculiar appearance. The small 
mass of phloem cells with their cellulose walls are opposite the 
tracheal vessels. True spiral tracheal tubes occur in the pri¬ 
mary bundle. In the secondary bundles, pitted and spiral 
tracheids predominate, with some pitted and scalariform 
tracheal tubes. (Figs. 20 and 21.) 

The phloem consists of undivided mother cells of sieve tubes 
and companion cells and phloem parenchyma cells. Appar¬ 
ently there are no true sieve tubes with their sieve plates. 
The average phloem cell has walls 0.00147 millimeters thick, 
with a lumen 0.0088 millimeters radially and tangentially, and 
0.105 millimeters longitudinally. 

In the phloem a great many of the cells are filled with a food 
product giving the test for protein, which it probably i 3 . 
Occurrence of the stuff is common in the phloem of the root. 
Frequently a cell in the phloem of the stem is filled with cal¬ 
cium oxalate crystals cubical in shape. (Fig. 19.) 

Surrounding the tracheal tubes in the primary bundle are 
xylem parenchyma cells with plain pits. In' this bundle the 
parenchyma cells occupy a considerable space. In the second¬ 
ary portion of the vascular bundle only a few xylem paren¬ 
chyma cells occur, and these immediately next to the tracheal 
tissue. Surrounding these cells, and occupying the space be¬ 
tween the groups of tracheal tubes, are wood fibers, shown 
from mascerated sections in figure 15. 

The xylem parenchyma cells in the primary bundle have 
walls 0.0021 millimeters thick. The lumen is 0.043 millime- 
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ters radially and tangentially, and is from 0.105 to 0.21 milli¬ 
meters longitudinally. The average tracheae have walls 
0.00487 millimeters thick. The lumen is 0.0437 millimeters 
radially. The tracheids are often irregular in shape. (Fig. 
21.) Their walls are about the thickness of the walls of the 
tracheae, and their average length is 0.13 millimeters. 

Medullary rays are not found in the old stem of Salsola kali 
var. tenuifolia, nor, according to Solereder (1908), are they 
found in the stem of any species of the family. In families 
which have similar anomalies medullary rays are found in a 
number of species. 

The pith is composed of exceedingly large, pitted cells 
averaging 0.216 millimeters in diameter. The walls are 0.0086 
millimeters thick. In a great many of the cells are calcium 
oxalate crystals, not clustered as those in the aqueous tissue, 
but scattered in the cells. 

In a stem 1.36 millimeters in diameter 2.8 per cent of the 
tissue is devoted to water transportation. 

THE LEAF. 

The leaf of Salsola kali var. tenuifolia is narrow, terete and 
succulent. The epidermis consists of a single layer of cells. 
The lumens of these cells average 0.0175 millimeters radially 
and 0.065 millimeters tangentially. The outer wall is 0.0058 
millimeters thick, 0.0019 millimeters of this being cuticle. The 
inner wall is 0.00284 millimeters thick. The stomatal open¬ 
ings are arranged parallel with each other and transversely 
to the median vein of the leaf. The hairy covering is very 
similar to the hairy covering of the stem. The trichomes near 
the base are longer than those near the tip of the leaf. Uni¬ 
cellular trichomes are not found, but uniseriate trichomes are 
frequent. 

Immediately beneath the epidermis is a layer of palisade 
parenchyma cells. (Figs. 25, 30, and 31.) Figure 27 shows 
these cells in detail. The lumens of these cells average 0.0525 
millimeters radially and 0.0172 millimeters tangentially. The 
w alls average 0.00144 millimeters thick. Below the palisade 
parenchyma cells is a row of short chloroplast-bearing cells 
with their chloroplasts massed toward the inner side of the 
cells. (Figs. 27 and 28.) The lumens of the cells average 
0.0262 millimeters radially, 0.035 millimeters tangentially, and 
0.0262 millimeters longitudinally. The upper wall averages 
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0.0027 millimeters thick and the lower averages 0.0041 milli¬ 
meters thick. 

The chief part of the internal tissue of the leaf is composed 
of aqueous or thin-walled parenchymatous tissue. This tissue 
encloses the median vein, together with its branches, lying 
immediately below the short chloroplast-bearing cells. The 
lumen of the aqueous tissue cells averages 0.2437 millimeters 
longitudinally and 0.0875 millimeters radially. The walls are 
0.0058 millimeters thick. These cells have a few chloroplasts 
(fig. 29), and frequently calcium oxalate crystals. Their fre¬ 
quency is shown in figure 22. 

Figure 30 shows the leaf in cross section. Figure 34 shows 
the details of the median vein in cross section, and figure 26 
a part of the same in longitudinal section. The water-conduct¬ 
ing tissue consists of tracheae averaging 0.00875 millimeters in 
width, with annular thickenings. The phloem parenchyma and 
undivided mother cells have walls averaging 0.00134 millime¬ 
ters in thickness. 

On the upper side of the leaf, from its connection to the 
stem, extending about one-third of the length of the leaf, is a 
depression (o, fig. 30). Below this the cylinders of palisade 
parenchyma and short chloroplast-bearing cells are broken, 
and through the gap the aqueous tissue extends to the epider¬ 
mis, the cells of which in this region are elongated parallel 
with the long axis of the leaf (a, fig. 24). 

On the under side of the leaf, near the tip, the palisade pa¬ 
renchyma cylinder and the cylinder composed of short chlo¬ 
roplast-bearing cells are again broken. Beneath the epider¬ 
mis, which in this region has elongated cells, are lignified bast 
fibers. As the tip is neared, more of the leaf is devoted to 
these bast fibers, until the median vein is entirely surrounded 
by bast fibers. This forms the spine. Figure 31 is a cross 
section near the tip of the leaf, and figure 32 a cross section 
through the spine. Figures 30, 31 and 32 are all drawn to the 
same scale, so that the decrease in diameter as the leaf nar¬ 
rows into the spine is shown. Figure 25 shows the tip of the 
leaf longitudinally. The spine averages 1.3 millimeters long 
and 0.225 millimeters wide. The bast fibers average 0.26 
millimeters long and have walls 0.005 millimeters thick. 

The following list of the families having an anomalous stem 
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structure similar to that of the Salsola kali var. tenuifolia is 
compiled from Solereder’s Systematic Anatomy of the Dicoty¬ 
ledons (1908) : 

DILLENIACEjE. 

The anomaly is present only in the genus Poliocarpus , and consists in 
the formation of successive concentric rings of bundles. The secondary 
cambium appears in the parenchymatous pericycle internally to the 
primary groups of bast fibers. 

MENISPERMACEiE. 

Anomalous stem structure occurs only in certain members of the family, 
and in these cases a transverse section shows several concentric rings of 
vascular bundles, which either encircle one another completely on all 
sides of the transverse section or only develop strongly on one side. 
These secondary arcs or rings of vascular bundles are due to the activity 
of a cambium which arises in the innermost part of the primary cortex. 

CAPPARIDEjE. 

Anomalous stem structure in the form of successive rings of growth 
has been met with in the genera Maerua, Roydsia, Cadaba , and Forchham - 
meria. 

In Maerua uni flora secondary rings arise intrafascicularly in the zone of 
bast. (DeBary, 1877.) 

In Forchhammeria trifoliata Radik., Mserua oblongifolia A. Rich., and 
Roydsia, according to Radlkofer, they arise on the inner side of the 
sclerenchyma of the pericycle. 

In Forchhammeria apiocarpa Radik, and Forchhammeria pallida 
Liebm., according to Radlkofer, they arise on the outer side of the per- 
icyclic sclerenchyma. 

In Cadaba glandulosa the secondary rings arise in the outer primary 
cortex, according to Kruger (1884). 

POLYGALE^E. 

Anomalous structure of the axis was first described by the older 
authors in Securidaca volubilis and Comesperma . According to II. Schenck 
(1893), we must add: Bredemeyera, Schenckiana Chodat, Securidaca 
lanceolata St. Hil., and Securidaca selloumiana , and, according to Chodat, 
Moutabea guianensis. The formation of the secondary bundles, accord¬ 
ing to H. Schenck, takes place in the parenchymatous pericycle on the 
' inner side of the bundles of primary hard bast. 

CAFYOPHYLLACEAE. 

Successive rings of bundles appear in the root and stem of Spergularia 
and species of Polycarpsea. Secondary rings of growth have been observed 
by Morot in the root of Lepigonum marinum , by Peterson in the root of 
Lipigonum salinum , by H. Schenck in the root and stem of Spergularia 
media Presl. and by Solereder in the root of Polycarpixx fragilis Del., and 
P. corymbosa Lana They arise extrafascicularly. 

2—Univ. Set Bull.. Vol. VII, No. 15. 
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Hippocrateacee. 

According to Fritz Muller (1866), secondary rings of vascular bundles 
are fouhd in the stems of the genus Salacia. These arise from a cambium 
developed in the pericycle. 

Ampeudacee. 

According to Schenck (1893), anomalous structure of the axis is 
known only in a single genus, Tetrastigma. Narrow strips of cambium 
are formed from the phloem parenchyma. 

Leguminose. 

Subfamily Papilionoidk*:. 

Successive rings of growth in the pericycle or in the primary cortex 
in species of Wisteria , Mucuna, Spatholobun , Pneraria , Pachyrhizus , 
Rhyncho8ia , Dalbergia, and Machwrium, 

Leguminose. 

Subfamily C^ksaTjPINIoidk/k. 

Secondary rings of vascular bundles take place in the pericyclic par¬ 
enchyma on the inner side of the sclerenchymatous ring, according to H 
Schenck (1898), in Bauchinia rubiginosa Bong, and in B. angulosa Vog,, 
and, according to Brandis and Gamble, in B. vahlii W. & A. 

Ficoidee. 

In the woody species rings or arcs of meristem appear successively in 
the pericycle of the stem, giving rise to secondary vascular bundles and 
intermediate tissue. The anomalous structure of the stem is usually 
repeated in the root. 

Umbellifere. 

The development of an intrafascicular cambial ring has been observed 
by Mobius in Eryngium lassauxii Decne. and E. serra Cham, et Schlecht; 
externally it produces bast-like tissue, internally xylem with vessels. 

Rubiacee. 

According to Witte (1886), cortical bundles originate in the bast of 
Chiococca racemosa; first a group of vessels is formed, around which a 
cambium ring appears, producing woody tissue with medullary rays in¬ 
ternally and phloem externally. 

Composite. 

In the genus Mikania a second zone of growth is situated on one side 
of the primary vascular bundle ring. This originates in the paren¬ 
chyma of the pericycle. In Kleirda spinulosa Hort. Petrop., according 
to Joh. Muller (1893), there is a secondary vascular bundle ring arising 
from the phloem of the primary ring. According to Kruch (1890), 
in the basal part of the stem of Dahlia imperialis a secondary ring prises 
from the endodermis. 

Candolleacee. 

According to Vesque (1878), a secondary ring of fiber-like scleren- 
chyma enclosing a few vessels and small phloem groups is found in 
Stylidium adnatum R. Br., Stylidimm bulbiferum Benth., Stylidium 
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cicatricosum Sond., Stylidium dichotomum D. C., Stylidium fruticosum 
R. Br., Stylidium lancifolium, Stylidium rhynchocarpum Sond. This ring 
is due to the activity of a secondary meristem appearing in the pericycle 
immediately below the endodermis (Van Tieghem, 1883-’84). The anom¬ 
aly occurs in the roots of these also, and in the root but not the stem 
of Stylidium grwminifolium and S. spinulosum Van Tieghem (1878). 

PLUMBAG1NACE.E. 

In Acantholimon the appearance of successive rings of growth is 
combined with the occurrence of the medullary vascular bundles. It 
has not been determined whether the secondary ring of bundles arises 
in the pericycle or in the bast portion of the primary vascular ring. 
In the genus AZgialitis the cross section appears similar to the cross 
section of the genus Acantholimon , but the meristem is from the layer 
of cells immediately outside the sclerenchymatous bands (Solereder, 
1908). 

PrimulacejE. 

In the group Officinales and in the Auriculas a system of vascular 
bundles is formed in the pericycle of the root stock. 

CONVOLVULACEiE. 

A vascular bundle ring appears in Argyreia, Colonyction, Ipomcea, 
Maripa, Merremia f Porana , and Rivea. The ring is due to the activity 
of a secondary meristem which arises on the outer margin of the primary 
phloSm and internally to the bast fibers of the pericycle. 

BlGNONIACEiE. 

A secondary zone of growth appears in the cortex of Callichlamys 
Miq., Glaziovia Bureau, and Haplolophium Cham. 

Verbenace^e. 

In the genus Avicennia successive rings of growth appear, all extra- 
fascicular in origin. 

PHYTOLACCACEiE. 

Some of the genera belonging to the tribes Rivineae and Euphyto- 
lacceae are distinguished by having an anomalous stem structure which 
consists in the appearance of successive rings of vascular bundles in the 
pericycle. This anomaly also occurs in some species of Phytolacca , also 
in Ercilla volubilis (Kruger, 1884), Seguieria floribunda Benth., S. longi- 
folia Benth. (Solereder, 1908), and S. americana (Schulz). 

NYCTAGINACEiE. 

Anomalous structure of the stem apparently occurs in all the woody 
species, and is also found in a certain number of the herbaceous species. 
It has been recorded by various authors (Regnault, 1860; Unger, 1840; 
Grdnlund, 1872; Peterson, 1879- , 80; DeBarry, 1877; Radlkofer, 1883; 
Solereder, 1885; H. Schenck, 1893; Houlbert, 1893) in numerous species 
of the genera Mirabilis, Oxybaphus , Boerhavia, Bougainvillea , Pisonia, 
Eggersia , Phmoptillon, Neea, Leucaster , and Cryptocarpus. The second¬ 
ary meristem develops in the parenchymatous pericycle. 
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Amarantace^b. 

Anomalous stem structure occurs in species of the following genera: 
Deeringia, Celosia, Hermbstmdtia, Rodetia, Bosia, Chammoa, Amarantus , 
Acnida, Pupalia, Pailotrichum , Aerua y Achyranthes Telanthera, Alter - 
nanthera , Gomphrena , Frcelichia, and Hebanthe. 

Like the Nyctaginace®, the secondary meristems develop in the par¬ 
enchymatous pericycle. 

Loranthacej®. 

Successive rings of growth appear in Nuytsia and Strycknos . 

Buxac&e. 

Secondary rings of bundles occur in Simmondsia californica. These 
secondary rings of bundles arise in the parenchymatous portion of the 
pericycle, internal to the pericyclic groups of sclerenchymatous fibers. 

According to Solereder (1908), only four families other 
than Chenopodiacese have longitudinal ribs of collenchyma. 
These are Cruciferse, Amarantaceae, Labiate and Umbelliferae. 

The stomata of Salsola kali var. tenuifolia are so orientated 
that their pores are transversely arranged to the longitudinal 
axis of both leaf and stem. In the family Batidacese a ma¬ 
jority of the stomata are similarly orientated. In the family 
Loranthaceae, on the branches of Antidaphne, Arceuthobium, 
Lepidoceras, Loranthus, Nuytsia, and Viscum, a similar orien¬ 
tation is found. In some members of Santalaceae the pores of 
the stomata are transverse to the longitudinal vein and in other 
members they are parallel to the vein. 

Calligonum comosum L. Herit., a desert plant of the family 
Polygonaceae, with advanced reduction of foliar organs, has 
a layer of palisade tissue in the primary cortex and a sheath 
of collecting cells below the palisade cells. There is also a de¬ 
velopment of aqueous tissue in the cortex. All these character¬ 
istics are found in Salsola. 

METHODS. 

All the drawings were made from sections cut in paraffin, 
with the exception of a few drawings made from macerated 
material, and the drawings 22 and 23 made from the whole 
leaf. The permanent sections were stained in safranin, but 
a number of the drawings and all of the measurements were 
made from sections stained with iodine. 
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GJERTNERIA DELTOIDEA TORR. 

BY BERYL LOVEJOY. 

Plates XLin-LIV. 

T HIS study, carried on in the laboratories of the Botany 
Department of the University of Kansas, under the 
supervision of Professor Stevens, was made from ma¬ 
terial collected during the summer of 1908 by Mr. L. M. Peace, 
on the northern slope of Tumamoc Hill, near the Desert Labo¬ 
ratory at Tucson, Ariz. Here the soil is of a coarse, gravelly 
texture, overlying caliche; and Gasrtneria deltoidea, in com¬ 
pany with Opuntia fulgida, are mentioned by V. M. Spaulding, 
in his Distribution and Movement of Desert Plants, as con¬ 
stituting the greater part of the vegetation of this association, 
which is determined for the most part by soil relations. 

In the collecting of Gsertneria, jars containing a 2 per cent 
solution of formalin were taken by Mr. Peace into the field, 
and the plants, as soon as gathered, were placed in these. 
Specimens of the root, stem and leaves were obtained at two 
different dates, the first at the beginning of the summer season 
of rain, July 31, a later collection being made August ,1. 

The genus Giertneria is described by Britton and Brown as 
belonging to the family Ambrosiacese (Reichenb). Gray de¬ 
scribes it as “Franseria” and places it among the Composite, 
as does J. D. Whitney and others. 

The species deltoidea Torr. is described by J. D. Whitney 
(1880) as being a member of the Composite, “herbaceous, 
with more or less woody base, low, canescent, with a fine and 
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close wooliness, which is partly deciduous with age; branches 
slender, leaves varying from deltoid ovate or almost hastate 
to rhombic lanceolate, obtusely and finely serrate, sometimes 
sparingly incised, on slender petioles, with sterile heads rather 
loosely racemed, spines of the ovoid two-flowered involucre 
flat and thin, broadly lanceolate, subulate, pubescent, or 
almost glabrous.” 

In harmony with its environment, this plant has protective 
devices, limiting transpiration. The leaves are comparatively 
small, varying, in specimens studied, from 9 mm. to 29 mm. 
in length, and from 2 mm. to 16 mm. in width. They are seen 
to be hoary, with a gray pubescence, this thick covering of 
hairs minimizing the loss of water caused by its desert en¬ 
vironment. Compensating the smallness of the leaves, the 
stem subepidermal tissues contain chloroplasts. 

The leaves are borne by slender petioles on so much short¬ 
ened branchlets that they seem many times almost to originate 
in one plane. These shortened branchlets are of approxi¬ 
mately equal length, and are arranged alternately by thirds 
upon the older branches. 

Gssrtneria deltoidea is a low winter perennial, showing in 
all its phases a pronounced xerophytic structure. As just in¬ 
dicated, its greatest development occurs during the winter 
months, when it blooms and produces its fruits, which are 
bur-like, and are armed with several ranks of prickles or 
spines. These reach maturity and are ready to be dispersed 
by animals or other carriers early in April. The low diffuse 
habit of the plant, as a whole, is adapted to .two main facts: 
first, the drying effect of high winds; and second, the intense 
heat and light of the desert environment. 

In this study the drawings were made, for the most part, 
by means of the camera lucida and the projection lantern from 
sections and macerations of formalin material. 

HISTOLOGY OP THE LEAF. 

In presenting the histology of this part of the plant, the 
discussion of its cellular anatomy naturally falls under three 
general heads: first, the epidermal tissues; second, the funda¬ 
mental tissues; and third, the vascular system. 

The Epidermis. 

The epidermal cells are variable in size. The inner tangen¬ 
tial and radial walls are cellulose, the outer wall is cellulose 
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in its inner part, with a cutinized outer layer .001 mm. in 
thickness. 

There are approximately 371 stomata per sq. mm. on either 
side of the leaf, nearly the average number found in plants, 
and there seem to be no essential differences in size and shape 
of the stomata on the two sides of the leaf. Projecting above 
from the side walls of the guard cells adjoining the air pas¬ 
sages are the ridge-like protuberances or rims characteristic 
of guard cells. (Fig. 31.) These pore structures are highly 
cutinized and approximate when the stoma closes, thus ma¬ 
terially reducing transpiration. The guard cells of Gaertneria 
are normally at the level of the general epidermis, rarely ris¬ 
ing above it; but in the case of a leaf infected by a fungus, 
a curious modification of the epidermis tissues occurred, the 
outer tangential wall becoming highly thickened, and the guard 
cells being sunk below the surface. (See fig. 34.) 

Two distinct varieties of hairs appear on the leaf, namely, 
elongate uniserial clothing, and short, two-ranked glandular 
hairs, these two forms making up the typical hairy covering 
of the Composite. (Solereder, 1908.) 

The uniseriate clothing forms are much the more numerous 
on the leaf, being seen under the microscope as a thick mat on 
the leaf surface. (See fig. 32.) Their association in the epi¬ 
dermis is shown in figures 33 and 27, where they are seen to 
be outgrowths of single epidermal cells. 

The short two-ranked hairs belong to the class of external 
secretory organs, widely distributed throughout the Com¬ 
posite. They are regularly biseriate, short-stalked or appear¬ 
ing as sessile, and have all walls entirely cutinized. They 
secrete a substance that has a golden-brown color in formalin 
solution. This substance from formalin material is soluble in 
ether and alcohol, and when dissolved out by this means there 
is left in each cell of the gland a nuclear body. These are rela¬ 
tively large and appear to be intimately associated with the 
secretion of the brown substance. 

The Fundamental Leaf Tissue. 

The fundamental or mesophyll tissue shows the typical leaf 
structure of palisade and spongy parenchyma, with the occa¬ 
sional occurrence of bast fibers and stone cells subtending the 
veins. 

8—Unlv. Set. Bull, Vol. VII, No. 1». 
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Perhaps the most interesting feature of the leaf is the great 
degree of variability shown in the distribution of the palisade 
and spongy parenchyma tissues. In one continuous cross sec¬ 
tion of the leaf may be seen, for a distance, palisade cells on 
the upper side, with spongy parenchyma below; then these 
conditions may be reversed for a space, the palisade being 
below and the spongy being above; again, no palisade tissue 
can be found on either side, or the palisade cells may extend 
the whole width of the mesophyll. 

As shown in figure 39, a, b, and c, the spongy parenchyma- 
has no fixed region in the leaf where it appears. This tissue 
averages three cells in depth from epidermis to vascular sys¬ 
tem, and is interspersed with many though usually not large 
intercellular spaces. The cell walls are slightly thicker than 
those of the palisade cells, and the cells, which are spheroidal, 
elongate or ovoid in shape, have an average cavity diameter 
of .0301 mm. The chloroplasts are relatively large and vary 
in number from three to eight. 

The palisade cells have the characteristic cylindrical shape, 
are very thin-walled, and extend from one to five or six cells 
deep radially. Small but frequent intercellular spaces are 
found in connection with the palisade tissue. In figure 36 is 
shown a composite drawing through the leaf tangentially, 
showing a surface view of the palisade cells. 

The number of chloroplasts in each cell averages twenty- 
one. They are relatively large in size, projecting far into the 
cell cavity. The following table, taken from Haberlandt’s 
Physiologische Pflanzenanatomie, and showing the number of 
chloroplasts found in the mesophyll tissue of a number of 
plants, will give an idea of the relatively few chloroplasts in 
the leaf of Gsertneria: 


Plant. 

Palisade. 

Spongy. 

Pulmonaria officinalis . 

. 85 

15 

Ricinus communis . 

. 82 

18 

Brassica rapa . 

. 80 

20 

Galeopsis tetrahit . 

. 79 

21 

Trapmlum majus . 

. 77 

23 

Helianthu8 annuus . 

. 73 

27 

Phaseolus multiflorus . 


31 


In the mesophyll tissue, associated with the veins are 
sclerenchymatous cells, ranging in shape from stone cells to 
typical bast fibers. 
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Water-storage Tissues. 

That the leaf of Gsertneria deltoidea is unusually well sup¬ 
plied with water-storage tissue is shown by the fact that the 
ultimate ends of the veins vary from .2 to .025 mm. in distance 
apart from each other. A portion of the water used by the 
leaf passes straightway into the palisade cells from water 
tubes; other portions pass into large cells making up that part 
of the venation system used primarily in water storage. As 
there are chloroplasts found in these cells, it would appear that 
they function to some degree in photosynthesis as well as in 
water storage. In figure 43 are shown palisade cells lying in 
connection with water-storage parenchyma cells, thus directly 
gaining access to the stored water. In connection with the 
venation system of the leaf are also other water-storage cells, 
which, unlike the cells just mentioned, have highly thickened 
and plain-pitted walls, and in most cases these lie near the 
edge of the leaf at the ultimate ends of the vein branches there. 

In studying the venation system of the leaf, it was found 
advantageous to put the leaf sections, etc., through a clearing 
process. This clearing of cells was very satisfactorily accom¬ 
plished by using Mr. L. M. Peace’s method of cell clearing and 
bleaching, which is described in Plant World, vol. 13, April, 
1910. 

By this method whole leaves were successfully cleared of cell 
contents, and then, when put in an alcoholic solution of safra- 
nin for a period of twenty-four hours, they showed with re¬ 
markable clearness the whole system of leaf venation, the 
tracheal elements being the only part of the leaf to take on, to 
any degree, the safranin stain. As shown in figure 30, the leaf 
of Gsertneria has a prominent midrib extending the full length 
of the leaf, with two lesser lateral longitudinal veins which are 
distinct for only a portion of the distance from the base to the 
tip of the leaf. From these extend branches throughout the 
leaf in every direction, the distances between the ultimate ends 
of which vary from .2 mm. to .025 mm. 

Many of the veins end in the midst of a bundle of water- 
storage parenchyma cells, as described above. In a cross sec¬ 
tion through the petiole of the leaf near its base were found 
ninety-four tracheal tubes, the average diameter of which was 
.0055 mm. 
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The phloem in the leaf vascular system is made up of undi¬ 
vided mother cells of sieve tubes, arid cambiform cells. These 
have much the same appearance in size and shape, both vary¬ 
ing from .0075 to .0087 mm. in cross diameter, and in length 
from .009 to .0182 mm. The average thickness of the cell wall 
is .00012 mm. 

In the case of a leaf infected by a fungal growth there were 
found cells lying just without the phloem, which showed a 
peculiar structure. They were sclerenchymatous in appear¬ 
ance, and when treated with chloriodide of zinc they were seen 
to have a secondary core of cellulose, these lying in a primary 
lignose matrix. (See fig. 45.) 

THE STEM. 

The stem is herbaceous, with fine pubescence at the growing 
apices, tending to become woody at from one to two inches 
back from the apex, and as it approaches the base of the shrub 
the stem covering becomes very rough, dark, and deeply 
seamed. The woody part of the plant is highly resistant to 
sectioning, hydrofluoric acid having little or no effect upon 
portions of the wood, even after continuous application for 
some four months. 

The most interesting features of the stem are those seen in 
cross section, the fluctuation in extent and position of bast and 
vascular tissue being the most striking. This variability is 
shown in the series of drawings, figures 1, 2, and 3. The sec¬ 
tions used for these representations were taken from a series 
cut in paraffin, young parts of the stem being taken a few 
centimeters back from the growing apex. In describing each 
tissue in detail there will be a definite order followed, begin¬ 
ning with the innermost one. 

. The Pith. 

The pith occupies a somewhat pentagonal area; the indi¬ 
vidual cells are also pentagonal to circular in shape, and in 
the very young stem, within 3 mm. of the growing apex, have 
a cellulose cell wall approximately .0014 mm. in thickness. 
(Fig. 5.) At a distance from 1 to 3 cm. back from the grow¬ 
ing apex, however, the walls take on a heavy secondary thick¬ 
ening and become highly lignified. The secondary thickening 
begins with the cells at the center of the pith area, and grad¬ 
ually extends outward until all the walls of the pith have 
taken on this thickening and lignification. In this latter con- 
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dition all the walls are deeply pitted with plain pits, and have 
much the appearance of stone cells. (Figs. 4 and 7.) In the 
youngest condition of these pith cells, before this secondary in¬ 
crease in thickness has begun, chloroplasts are present. (Fig. 
6.) Relatively few are found in the central portion of the pith, 
but the chloroplasts become numerous in those cells lying at the 
outer edge of the pith area. 

The Medullary Rays. 

The medullary rays vary in different parts of the stem in 
frequency of occurrence and in extent of tissue. They are 
found in that part of the stem where the vascular system is 
made up of comparatively distinct, isolated bundles, but be¬ 
come inconspicuous and tend to disappear as the vascular 
bundles approach the position of a complete ring. In the very 
young stem chloroplasts are found scattered here and there in 
the medullary ray cells, showing that here, as in the pith, 
there is some photosynthetic action. 

The Xylem. 

The xylem of the stem varies from isolated bundles to a 
complete cylinder or ring around the stem. It is made up of 
wood parenchyma, wood fibers, fiber tracheids, and tracheal 
tubes. The wood fibers, in company with the tracheal tubes, 
make up the larger part of the xylem tissue. The fiber 
tracheids are fairly plentiful, and are of various lengths and 
widths, but are always much shorter than the wood fibers. 
The water tubes average 12 to 14 in the region of each vas¬ 
cular bundle. Along the tube, at intervals which average .058 
mm. in length, appear the remains of the original cross-walls 
at the ends of tube elements, as they seem in some cases to lie 
in the plane of union of adjacent tubes. They are shown in 
figure 51. 

The Phloem. 

The phloem region, as that of the xylem, is variable in ex¬ 
tent, being found as isolated portions, and also as a continuous 
ring, undivided even by medullary rays. The phloem is com¬ 
posed of extremely small cells in cross section, these being 
phloem parenchyma, sieve tubes, and companion cells. The 
sieve plates are thin and have perforations so minute as to be 
clearly distinguished only by the aid of the 2 mm. oil immer¬ 
sion lens. In the phloem cells are found stored nitrogenous 
substances. 
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In young stems the vascular system is separated from the 
hard bast by a region of pericycle ground parenchyma con¬ 
taining chloroplasts, this part of the pericycle, in company 
with certain of the medullary ray cells and those of the pith, 
functioning in photosynthesis. 

Bast Fibers. 

Just without the thin-walled parenchyma of the pericycle lies 
the bast tissue, varying in extent from isolated bundles to a 
complete rigid cylinder around the stem. On comparing cross 
sections taken at different heights (compare figs. 1, 2, and 3), 
the bast appears to form a sort of anastomosing structure, 
dividing in places to allow for conduction of materials between 
the pericycle and cortex. The bast fibers are sparingly pitted, 
and have the usual long, tapering form. 

Endodermis. 

There is a very distinct endodermal tissue or starch sheath 
lying just without the bast ring, this being a type character of 
the Composite (Solereder), heavily loaded with large starch 
grains, these forming a dark purple ring around the stem, 
when it is sectioned and treated with iodine. 

Lying in this endodermal region are found secreting spaces, 
occurring usually in pairs at the angle where the bast ring 
alternately bulges out and becomes depressed, there often 
being twenty of these spaces seen in cross section. These 
endodermal secreting canals (fig. 22), forming the type char¬ 
acteristic of the order Composite (Solereder, 1908), are in 
Gsertneria not evident much beyond 3 cm. back from the 
growing apex. 

Cortex. 

The cortex is made up of cortex parenchyma and collen- 
chymatous tissue. The thin-walled parenchyma of the cortex 
averages six cells deep, and is made up of ovoid or cuboidal 
cells, with cellulose walls. There are many, though incon¬ 
spicuous, intercellular spaces in this region, and, until the tis¬ 
sue becomes transformed into cork, which occurs later by the 
suberization of its walls, it has an active part in food manu¬ 
facture. 

There is found in this region no definite cork cambium, but, 
as stated above, the walls of the cortex cells finally become 
suberized. Solereder (1908, vol. I, p. 493) reports the absence 
in a somewhat similar case of a distinct cork cambium in 
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Styphelia Iseta, of the family Epacridese. The collenchymatous 
cells, lying two to three layers deep, are of the typical sort, 
and also contain chloroplasts in sufficient numbers to be of 
significance in photosynthesis. 

Epidermis. 

The epidermis of the stem, as that of the leaf, is beset with 
clothing and glandular hairs. Here, however, the short gland¬ 
ular hairs are much more numerous than on the leaf. They 
each have the same general structure as those on the leaf, 
hence no discussion of that is necessary here. 

The epidermis of the stem occurs as a single layer of cells, 
elongated longitudinally, and having, in the very young stem, 
walls of cellulose. As the stem becomes old the walls thicken, 
and ther<> is produced a cutin layer. 

A curious exfoliating process, whereby the cambium forms 
cork and chlorenchyma rings, which replace the secondary 
pericycle chlorophyllous tissue, just as the latter replaced the 
first cortex chlorophyll tissue, is reported by Cannon, W. C. 
(1908), as peculiar to Gsertneria, and to be repeated several 
times until in the oldest parts of the branch the portions cut 
off and those reformed no longer contain chlorophyll. 

THE ROOT. 

The root system of Gssrtneria (in keeping with character¬ 
istic xerophytic structure) is well developed. The older roots 
are seen to have a deeply furrowed, rough, coarse outer cover¬ 
ing, and are so very hard as to permit of no thin sectioning, 
even after having been disilicified for some weeks. In cross 
section of the very young root appears a central xylem cyl¬ 
inder, which is highly lignified and surrounded by a phloem 
ring, which in its turn is surrounded by a pericycle averaging 
five cells in thickness, in which are irregular groups of stone 
cells. Around the pericycle is the primary cortex, averaging 
seven or eight cells in depth. These have suberized coll walls, 
and appear to be in the process of direct transformation into 
cork; no definite cork cambium is to be observed. However, 
the inner of the suberized cells were still alive, having in them 
functioning nuclei. (See fig. 55.) 

The epidermis is a single layer of cells. (See figs. 53 and 54.) 
One peculiarity of the root hairs is that they retain their place 
long after the inner tissues have become suberized and they are 
functioning no longer. (Figs. 47, 53, and 54.) 
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The xylem is made up of tracheal tubes, tracheids, wood 
fibers, and sclerotic wood parenchyma cells. (See figs. 49, 50, 
and 51.) The tracheal elements consist largely of tracheal 
tubes having many small bordered pits, and occasional ridges 
in the walls. Here, as in the stem xylem, were noted at more 
or less regular intervals the thickened rings in the tubes. (See 
fig. 51.) The other xylem tissues and those of the phloem do 
not differ essentially from those of the stem, so they will not 
need to be discussed further here. The root hairs are numer¬ 
ous, and as stated above, are remarkable for the tenacity of 
their hold, even after the transformation of the cortical tissue 
into cork has cut them off from nourishment and caused them 
to die. They are found, after this condition has come about, 
to be suberized on the outer portion of their walls with a cellu¬ 
lose inner layer. 

RESUME. 

The plant, as a whole, is xerophytic. Its characters may be 
summarized as follows: 

Protective Devices: 

Low habit of growth. 

Small leaves. 

Heavy hairy covering. 

Heavy cutinization of all exposed surfaces. 

Secreting glands and spaces. 

Strengthening Tissues: 

Anastomosing bast ring. 

High lignification. 

Complete silicification. 

Heavy secondary thickening of pith region. 

Water Provisions: 

Thick walled and plain pitted storage cells in leaf. . 

Restricted evaporating surface. 

Extensive tracheal storage system. 
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STUDIES ON THE ANATOMY OF ALFALFA. 

(Medicago sativa L.) 

BY ORVILLE T. WILSON. 

Plates LV-LTX. 


INTRODUCTION. 


D URING the summer session of 1911 and the college sem¬ 
esters 1911-’12, the writer was engaged in graduate 
work at the University of Kansas. Considerable time 
was spent during that period in working out the structures of 
alfalfa, under the personal direction of Prof. W. C. Stevens. 
The results of these studies are embodied in the following 
pages. 

LABORATORY METHODS EMPLOYED. 

The methods employed in the studies were mainly those 
described in Stevens’s Plant Anatomy. The bleaching and 
staining of the leaf were done in accordance with directions by 
Mr. L. M. Peace in the Plant World of April, 1910. Free-hand 
sections of material, both fresh and preserved in formalin, 
paraffine sections in various stains, and macerated sections 
were used in studying the tissues. The drawings were most 
frequently made with a camera lucida attachment, but in some 
cases a projection lantern was used in drawing. When it 
seemed desirable for the sake of clearness, drawings were 
somewhat conventionalized. 

THE ROOT. 

The root of alfalfa is usually a tap root, the main axis pene¬ 
trating to a depth of six to twelve feet,' sohaetimes twenty or 
more feet. In some cases the tap root branches a short distance 
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below the surface, giving rise to a group of heavy, downward- 
directed secondary roots. Such a root system affords an ex¬ 
tensive connection with the soil reservoir, and partly accounts 
for the ability of a stand to produce three to five crops in a 
summer. In this extensive root system also, a considerable 
amount of food storage over winter is made possible. The 
upper portions of the roots were found to be packed with food 
in the fall. In the spring this food was used in the new growth. 
During the winter a pronounced concentration of food at the 
bases of the buds was noticeable. Although in no way excep¬ 
tional structurally, the anatomy of the root may be briefly con¬ 
sidered. 

A cross section of the young root (fig. 1) shows a protostele 
of the primitive exarch type. A protoxylem point is shown at 

(c) . In the later stage a circle of collateral vascular bundles is 
apparent, with pith rays radiating from the original proto¬ 
xylem points. At this stage the root is much like the stem in 
general appearance of the cross section. Just outside the 
phloem is a cylinder of pericycle surrounded by larger cells 

( d ) with more or less lignified walls. This cylinder lends 
strength to the root and protection to the tender phloem region. 
Such a protective tissue is especially serviceable, since the 
outer or cortical region (c) of the bark soon breaks down as 
shown. 

THE STEM. 

Alfalfa is a perennial herb, giving rise each spring to a 
crown of stems from a persistent root system. This crown 
arrangement of stems accounts for the luxuriant cover of 
growth in an alfalfa field, when the single plants may be a foot 
or more apart. 

A cross section of a stem of alfalfa appears as shown in fig¬ 
ure 2. The epidermis is multiple, being made up of two layers, 
quite similar in cell structure. (Fig. 2, /.) The outer layer of 
cells has a more thickened and cutinized outer wall. The cor¬ 
ners of the somewhat four-angled stem show a multiplication 
of the cell layers under the epidermis, seemingly serving for 
greater strength. (Fig. 2, g.) Between the epidermal region 
and the groups of bast fibers (fig. 2, h) is an extensive tissue 
(fig. 2, i), which bears numerous chloroplasts in the cells. 
The chloroplasts are not shown in the figure. The groups of 
bast fibers (fig. 2, h ) are just outside the phloem region 
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(fig. 2, j) of the vascular bundles; the xylem, as usual, is inside 
the phloem region. Inside the vascular bundles is the pith 
(fig. 2,1). 

The cells of the stem epidermis are, in the main, more or 
less irregular, and elongated somewhat in the direction of the 
stem axis (fig. 3, g). Among these cells occur numerous 
stomata (fig. 3, h). Alfalfa is especially well provided with 
these, the number on the stem being about <500 to the sq. mm. 
The walls of the guard cells do not show as much cutinizatioh 
as do those of the ordinary epidermal cells. 

Numerous trichomes also arise from the stem epidermis. 
Sorrie of these are two-celled glandular structures, with no 
apparent content (fig. 3, /); others seem to contain active pro¬ 
toplasts (fig. 4, m). A third class of hairs, more numerous, 
are similar to those found upon the leaves (fig. 5). The glandu¬ 
lar hairs occur about 24 to a sq. mm.; and the elongated hairs 
are somewhat more numerous. No vital connection has been 
found between the trichomes and the activities of the plant, 
although their presence or absence may serve in distinguishing 
varieties. The glandular type of hairs is not widely distributed 
among the other genera of the Papilionaceae. Of the forms 
mentioned by Solereder, those of the alfalfa would seem to be 
“small, club-shaped external glands, composed of few cells 
and without a distinctly marked stalk.” 

Underneath the outer epidermal cells is a layer of cells much 
like them, except that the outer walls are not cutinized or 
thickened to so great an extent (fig. 7, n ). The corners of the 
stem are strengthened by a tissue (fig. 2, g), extending from 
the epidermis to the lignified tissue surrounding the corner 
vascular bundle. This arrangement makes the angles of the 
stem especially strong and leaves four regions of chlorophyll 
tissue (fig. 7, 6) between the bundles of the bast and the epi¬ 
dermis on each side of the stem. In these chlorophyll regions 
there are numerous air spaces between the cells. There are 
several layers of the chloroplast-bearing cells. The chloro- 
plasts are of the usual lens-shaped type, peripherally ar¬ 
ranged. In this region, rich in protein, the main food value of 
the alfalfa stem lies. Solereder, in discussing the presence of 
such chlorophyll regions in the stems of Papilionaceae, says: 
“In many woody species, principally those with reduced leaves, 
much of the primary cortex is developed as palisade paren¬ 
chyma or assimilatory tissue of some other form. Associated 



294 


KANSAS UNIVERSITY SCIENCE BULLETIN. 


with this feature we find (a) abundant stomata and (6) 
strands of sclerenchyma fibers either in the cortex or con¬ 
nected with the fibro-vascular system.” While the stem of 
alfalfa would be classed as herbaceous rather than woody, the 
above description will be seen to apply to it in most respects. 

The chlorophyll region is bounded on the inside by the 
groups of bast fibers (fig. 2, li ), and by lignified sclerenchyma 
cells, or thin-walled parenchyma (fig. 6 c), which border the 
groups of bast fibers on the sides and occupy the region between 
the vascular bundles, forming the medullary rays.. 

The vascular bundles may now be considered more in detail. 
At the exterior of each bundle in the pericycle is a layer of 
cells with thickened walls, these walls being lignified, at least 
on the side towards the bundle, and classed as stone cells be¬ 
cause of the unusual hardening and thickening of the walls 
(fig. 9, e). They are considered here because of their intimate 
association with the vascular bundles. In these stone cells may 
usually be seen embedded crystals of calcium oxalate. (Fig. 
9, i .) These crystals are simple in their occurrence, clustered 
crystals being absent in the Papilionacese. Enlarged crystals 
are shown in fig. 10. This sheath of stone cells, connected as 
it is with those about adjoining bundles by cells with lignified 
walls, is part of an almost continuous sclerenchyma sheath sur¬ 
rounding the whole system of vascular bundles. Such scleren- 
chymatous sheaths are reported by Solereder as occurring in a 
number of the Papilionacese. 

Immediately inside the crystal-containing sheath just men¬ 
tioned may be found, just outside the phloem of each bundle, a 
tissue of compactly associated thick-walled cells, the bast 
fibers (fig. 2, h). They often are arranged in the .Papilionacese 
as here found. The bast fibers are greatly elongated and over¬ 
lap at*the ends (fig. 11, j and k), forming a firm, continuous 
tissue throughout the length of the stem and extending into 
the main veins of the leaf. The groups are three or four cells 
in thickness, as a rule. At the comers they are more numerous 
(fig. 6, a) than on the sides. They are marked by numerous 
simple pits (fig. 12, m ). The walls of the fibers are lignified, but 
not so completely as is the xylem woody tissue. The presence of 
the simple pits in the fibers is characteristic of the Papiliona¬ 
cese. Solereder, quoting from Jannicke on Herbaceous Stems, 
says that in most members of the genus Trifolium, a near rela¬ 
tive of Medicago, the vascular bundles are united by inter- 
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fascicular tissue composed of parenchymatous sclerenchyma, 
which is connected externally with the groups of hard bast be¬ 
longing to the vascular bundles. He also mentions that in 
some species of Medicago the interfascicular tissue consists of 
sclerenchymatous prosenchyma and parenchyma. In alfalfa 
we have the prosenchyma distributed into the groups of fibers 
discussed above, and these groups, as well as the bundles as a 
whole, connected by sclerenchymatous parenchyma. (Fig. 2.) 

The essential elements of the vascular bundles, the water 
tubes and the soft bast, are arranged collaterally. The phloem 
(fig. 9, o, and fig. 7, p) is made up of sieve tubes (fig. 18) and 
phloem parenchyma, together constituting the soft bast. This 
region is rich in nutritive value. The sieve tubes are rows of 
very narrow, elongated cells (fig. 18), with end-wall sieve 
plates (fig. 18, 6) of the usual type. The tubes are bound to¬ 
gether by a network of thin-walled phloem parenchyma cells. 
According to Moeller, short articulations and the exclusive oc¬ 
currence of simple sieve plates are characteristic of the sieve 
tubes. 

The xylem of alfalfa forms an almost continuous cylinder 
around the mature stem. Between the bundles the xylem por¬ 
tions are connected by lignified parenchyma cells (fig. 7, r). 
The water tubes and tracheids are generally about three rows 
deep in the bundles. The vessels are frequently bound together 
by radial rows of wood parenchyma cells (fig. 7, y) or by wood 
fibers. The spiral thickening has a marked border in some of 
the tubes. 

About half as numerous as the spirally thickened tubes 
(fig. 9, *) are the rows of pitted tracheids (fig. 9, w), which 
are found next to the phloem. The pits are typically bordered 
(fig. 9, w). These occur sometimes in straight rows, some¬ 
times in spiral arrangement. They are most numerous in the 
vessel wall where it is in contact with ray or wood paren¬ 
chyma. When arranged in straight rows there are usually 
three rows down the tracheid, the number of pits to a mm. in 
length being about 900. In some of the pits peculiarities of 
structure were observed (fig. 13, t). These may be the same 
as the sieve-pit-like structures of bordered pits found by John¬ 
son in Medicago, Lupinus, and Melilotus, and mentioned by 
Solereder. 
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The bundles at the corners show a diminution of both sieve 
tubes and water tubes, the associated bast and wood libers 
being, especially developed. (See fig. 6.) 

The pith. (fig. 1, l) is very prominent. The large cells in the 
central portion with unlignified walls (fig. 2, w) are in con¬ 
trast to the smaller cells near the bundles with walls lignified. 
A peculiar arrangement is to be noticed at the corners (fig. 6).. 
Just inside the xylem is a region of unlignified cells (fig. 6, v), 
resembling an inner phloem, and surrounded, toward the pith, 
by a region of lignified pith cells (fig. 6, p ). The pith contains 
numerous air spaces (fig. 2, g), but no extensive cavities of 
any kind. 

THE LEAP. 

. The leaves of alfalfa are pinnately compound, each petiole 
bearing three leaflets, the characteristic leaf-type of clover. 
Each leaflet has a small petiolule, is elliptical in general out¬ 
line, much more narrow than long, and with prominent teeth 
on the margins towards the tips (fig. 41, s). It is very notice¬ 
able that these teeth are the terminating points for the main 
branches of the system of veins (fig. 41). These terminations 
may be of the nature of hydatodes, as they seemed in some 
plants to act as drip tips. Beads of water were observed to 
accumulate at these tips after the plant was covered with a 
bell jar over night. 

At the base of the petiole are attached two stipules, which 
are leaf-like in structure, and probably do some of the ordi¬ 
nary work of leaves. In cross section (fig. 24) the petiole ap¬ 
pears heart-shaped, and the three vascular bundles (fig. 24, z ), 
which extend into the three leaflets to form their midribs, are 
arranged in an arc. This arrangement is quite characteristic 
in the Papilionace® with three leaflets. No medullary rays 
are found in the petioles of any of the Papilionace®. Each 
leaflet petiole (fig. 25) is much like th.e leaf petiole, except that 
in section only one vascular bundle appears (fig. 35). The 
cells next the epidermis are full of stored food material, mostly 
starch. 

The epidermis of the leaf is made up of irregularly shaped 
cells (fig. 14), the outer walls of which are strongly cu tiniz ed 
(fig. 17). There are numerous trichomes on both surfaces of 
the leaf, as well as stomata, both being slightly more numerous 
on the under surface. 
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The trichomes of the leaf are two-celled structures (fig. 15), 
the basal cell being in the same plane with the epidermis, and 
the outer cell greatly elongated. These trichomes are similar 
to the most numerous type on the stem. The elongated portion 
is marked on the margin by numerous papilise-like swellings 
(fig. 15, c). Solereder says concerning such markings: “Ac¬ 
cording to Vogelsberger, in certain species of Ebenus the end 
cell of the trichome under discussion is provided with small, 
tooth-like papillae, which are directed towards the apex of the 
hair.” Similar structures were observed by Schenck in Medi- 
cago arborea. In alfalfa the projections are directed at right 
angles to the surface rather than towards the apex. It is of in¬ 
terest to note here that the variety of alfalfa most resistant to 
drought, the Arabian, is the most hairy economic variety. The 
average length of alfalfa hairs is about .7 mm., the diameter 
about .01 mm., the number of hairs to a sq. mm. being about 
24. The ordinary observer would hardly consider the alfalfa 
leaf a hairy one. 

Exceptions to the general irregularity of epidermal cell 
arrangement are found under the midrib and at the bases of 
the trichomes. Under the midrib the cells are elongated par¬ 
allel with it; they are narrow and strongly cutinized, as well as 
roughened on the outer wall. No stomata are found here, the 
general arrangement apparently serving to strengthen the 
midrib of the leaf, and also being in harmony with its con¬ 
ductive function. At the bases of the trichomes the epidermal 
cells form rosette patterns (fig. 15), with the basal cell of the 
trichomes as a center. 

The stomata of the leaf are like those of the stem, but more 
numerous, in places as many as 700 to a sq. mm. being found. 
The exceptionally high number is to some extent an indication 
of the leaf’s exceptional functional activity. 

Under the stomata are extensive air spaces (fig. 22, e and f ). 
The palisade layer (fig. 22, g) is also well aerated by inter¬ 
cellular spaces. 

Under the palisade tissue, and extending to the lower epi¬ 
dermis, is the spongy parenchyma (fig. 22, h). The loose 
arrangement of thin-walled cells containing chloroplasts is 
typical of this region in leaves. Air spaces in this region com¬ 
municate freely with the numerous stomata on the under side 
of the leaf. 

2-Univ. Set. Bull.,Vo1. VU, No. 17. 
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Embedded in the spongy mesophyll is the venation of the leaf 
(fig. 41). Each leaflet is provided with one prominent midrib 
(fig. 41, z), which gives rise to lateral branches extending to 
the margin, these lateral branches giving rise to smaller 
branches, and so on, the whole system forming a close network 
of veins. The veinlets lie exceptionally close to the lower epi¬ 
dermis (fig. 22, a), the surrounding parenchyma or scleren- 
chyma sheath often being in contact with the lower epidermal 
cells. The surrounding sheath (fig. 38) is similar in many re¬ 
spects to that described as surrounding the bundles of the 
stem, and corresponds to it. Lignification is not so extensive 
in the sheath cells of the leaf, but the crystals are found in 
numbers in the thick-walled cells of the parenchyma sheath 
cells. The sheath about the midrib shows marked sclerosis 
(fig. 23), as do also the sheaths about the main lateral veins 
extending from the midrib. Toward the tips of the latter the 
specially modified cells give way to ordinary border paren¬ 
chyma cells (figs. 27 and 28), such as border the finer veinlets, 
and are common to the veining systems of many leaves. The 
tips of the veinlets which end freely in the mesophyll (figs. 29 
and 30), unlike those of the midrib and lateral veins ending in 
the margin of the leaf, are made up of various compact groups 
of spirally thickened tracheids (fig. 31). 
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TABULATED CELL DIMENSIONS IN MM. 


ROOT. 


Or ush section. 

Endodermis .01 x .017 

Phloem parenchyma.0052 x .005 

Water tubes.012 x .012 

STEM. 

Epidermis, outer.012 x .008 

Epidermis, inner.01 x .007 

Stomata, guard cells.02 x .0075 

Hairs, elongated, basal cells.021 x .021 

Hair- elongated, tip cells.014 x .014 

Hairs, glandular, neck cell.008 x .008 

Hairs, glandular, tip cell.016 x .016 

Chlorophyll cells.009 x .009 

Strengthening cells at corners.008 x .004 

Sclerenchyma sheath cells.017 x .02 

Pith cells .04 x .04 

Sclerenchymatous parenchyma .015 x .015 

Xylem tubes.017 x .017 

Xylem parenchyma.005 x .005 

Sieve tubes.004 x .004 

Bast fibers .012 x .01 

LEAF. 

Epidermis .03 x .015 

Palisade cells.015 x .015 

Tracheids .015 x .015 

Spongy parenchyma.021 x .017 

Border parenchyma .03 x ..03 


Longitudinal 

section. 


.014x .7 
.008 x .04 
.016x .04 
.009 x .01 


.04 x .05 
.01 x .015 


.004 x .032 
.012 x .25 


.04 x .015 
.015x .08 
.021x .02 
.03 x .022 



























PLATE I. 

The geographical distribution of Enchodua is indicated by the dots 
the map. 



PLATE I. 


















PLATE II. 

Enchodus petrosus Cope. 

Figure 1. —6oc, basioccipital; eoc, exoccipital; e, diagram of occipital 
condyle, trisected by sutures, the upper two-thirds being the exoccipitals, 
and the lower third the basioccipital; opi, opisthotic; op, opercular; pa, 
parasphenoid; pal, left palatine; pal, ventral view; paid, dorsal view of 
same (a mesial view of this palatine is shown in plate III, fig. 1); pro, 
prootic; pr, pterotic; sp, sphenotic. X No. 804. 

Fig. 2. —Portion of right dentary figured in plate III, figure 9, show¬ 
ing the contour, /-/, or the alveolar border in a vertical plane passing 
through the middle of the scars of the discarded teeth, a is the fora¬ 
men of the blood vessel supplying the fang. The broken lines at the 
base of the fang indicate the position of the former bases of fangs, in a 
median section through this portion of the dentary, n being the base of 
the last discarded fang, and o that of the next to the last, b, c , d and e 
are the bases of the posterior teeth. There is to be seen one scar in 
front of b, two between 6 and c, and three between d and e. d leans 
cephalad over the scar at its base, and this scar appears to be crowded 
forward. The dotted portion in the lower part of the figure is plaster 
of Paris. X No. 803. 

Figs. 3, 4, and 5.—An opercular, supraclavicle, and portions of a 
dentary and articular of a species much larger than any other in the 
collection. X No. 805. 







PLATE III. 

Enchodus petrosus Cope. 

Figure 1.—Two palatines; upper figure is left bone. This belongs to 
specimen No. 804 (pi. II). eth, part of ethmoid in position; pt, anterior 
end of pterygoid in position, x No. 80. 

Fig. 2.—Pair palatines arranged as in figure 1. X %. No. 803. 

Fig. 3.—Separate palatine tooth with a cross section of the same at the 
middle point just above it. The tooth shows the extent of the grooves on 
the posterior mesial side. X Vs. No. 833. 

Fig. 4. —Pair of palatines without fangs, arranged as in figure 1. 
X %. No. 801. 

Fig. 6.—Two odd palatines arranged as in figure 1. The upper figure 
may not be E. petrosus. (cf. pi. VII, fig. 17.) X No. 16. 

Fig. 6.—Premaxillary. X %. No. 803. 

Fig. 7.—Symphysial portion of left dentary. X No. 803. 

Fig. 8.—Mandible, showing mesial aspect, art , articular; ang, angu¬ 
lar; den, dentary. x Mi. No. 839. 

Fig. 9.—Elements of the mandibles. The quadrate ( qu ) is raised out 
of its position in order to show it more clearly, art, articular; ang, 
angular; den, dentary; pal, palatine; pt, pterygoid. X No. 803. 

Figs. 10 and 11. —The largest and smallest of a graduated series of 
palatines which can not be positively identified, as the fangs are broken 
off. They are probably E. petrosus. x %. Nos. 21 and 25. 



PLATE III. 
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PLATE IV. 

Enchodu8 petrosus Cope. 

portion of the dentary; abv, abdominal vertebrae; cl, clavicle; cdr, caudal fin 
portion of the dentary; abv, abdominal vertebrae; cl, clavicle; cdr, caudal fin 
rays; ch, ceratohyal; den', left dentary; den, right dentary; eth, ethmoid; 
fr, right frontal; fr', portion of left frontal; he, hypercoracoid; hco, hypo- 
coracoid; op, opercular; pal, right palatine; paV, left palatine; pt, ptery¬ 
goid; pst, post-temporal; pr, pr, pterotics; pynx, premaxillary; pt, cephalic 
end of pterygoid attached to left palatine; pc, pectoral rays; pa, para- 
sphenoid; cs, cross section of the same at the point indicated by the broken 
line; pop, preopercular; qu, quadrate; qu ' right quadrate; r, ribs; scl, 
dorsal end of supraclavicle; sop, subopercular; sp, sp, sphenotics; vt, 
vertebrae; x, probably the caudal end of the parasphenoid. X Ya. No. 836. 




PLATE IV. 

Enchodu8 petrosus Cope. 

portion of the dentary; abv, abdominal vertebras; cl, clavicle; cdr, caudal fin 
portion of the dentary; abv, abdominal vertebrae; cl, clavicle; cdr, caudal fin 
rays; ch, ceratohyal; den', left dentary; den, right dentary; eth, ethmoid; 
fr, right frontal; fr', portion of left frontal; he, hypercoracoid; hco, hypo- 
coracoid; op, opercular; pal, right palatine; paV, left palatine; pt, ptery¬ 
goid; pst, post-temporal; pr, pr, pterotics; pmx, premaxillary; pt, cephalic 
end of pterygoid attached to left palatine; pc, pectoral rays; pa, para- 
sphenoid; cs, cross section of the same at the point indicated by the broken 
line; pop, preopercular; qu, quadrate; qu' right quadrate; r, ribs; scl, 
dorsal end of supraclavicle; sop, subopercular; sp, sp, sphenotics; vt, 
vertebras; x, probably the caudal end of the parasphenoid. X */&. No. 836. 




PLATE V. 

Enchodus petrosus Cppe. 

Showing fragmentary skull and complete spinal column: abv, ab¬ 
dominal vertebra; art, left articular; ang, angular; br, branchiostegals; 
cdr, caudal rays; cdv, caudal vertebra; den, dentary; fr, frontal; 
hm, hyomandibular; h, hamapophysis; hs, hamal spines; hy, hypural; 
iop, interopercular; ms, mesopterygoid; mt, left metapterygoid; mV, 
right metapterygoid; mx, maxillary; ns, neural spine; n, neurapophysis; 
op, opercular; pal, palatine; ph, a pharyngeal; ph', probably one of the 
pharyngeals; pmx, premaxillary; pop, preopercular; pst, post-temporal; 
por, preorbital; r, ribs; sop, subopercular; x, undetermined bone; y, 
probably a portion of the post-temporal; scls, supraclavicles. x %. 
No. 807. 



PLATE V. 


PLATE VI. 

Enchodu8 petrosus Cope. 

Figure 1.—Almost complete tail: cdv, caudal vertebra; cdr, caudal 
fin rays; hy , hypural; h , hremapophysis; n, neurapophysis, x No. 
806. 

Fig. 2.—Right palatine-fang, showing the scars left by former fangs. 
X No. 126. 

Enchodus dims Leidy. 

Fig. 3. —Portion of cranium, right view: ang , angular; art, articular; 
art left articular; br, branchiostegals; den, dentary; eth, ethmoid; /, 
fang of palatine which lies under the premaxillary; he, hypercoracoid; 
hm, hyomandibular; ms, mesopterygoid; mt, metapterygoid; mx, maxil¬ 
lary; op, opercular; pop, preopercular; qu, quadrate; sop, subopercular. 
X Vi. No. 817. 

Fig. 4. —Same as figure 3, left view: pal, left palatine; paV, right 
palatine; c, cera^ohyal; pt, pterygoid; g, girdle bone, probably the 
clavicle, x No. 817. 








PLATE VII. 

Enchodus petrosus Cope. 

Figure 1.—Diagram of the palatine bone, lateral view, showing the 
course of the larger blood vessels, represented in black, supplying the 
fang and the caudal end of the bone. The lines A-0 , A-l A-2, etc., repre¬ 
sent planes of horizontal sections shown in the following figures, which 
are numbered to correspond. The sections were obtained by grinding off 
the bone slowly, beginning on the ventral side, and, at the various levels 
indicated, carefully drawing the surface exposed. After reaching the 
level A-9 f the bone was ground parallel to this plane until the level indi¬ 
cated by line B-X was reached, after which B remains constant, the 
planes of succeeding sections, 10 to 1U, all passing through it. a, 6, c, d , 
e, /, g and h represent the ventral ends of a number of canals in the 
osteodentine, which served successively as the main blood supply of the 
great palatine tooth. Before the tooth was sectioned the ventral ends of 
these canals were indicated by dark spots on the surface, one occurring 
about the center of each crescentic scar. (See fig. 15, pi. XV.) These 
canals are found to proceed dorso-caudad, and soon the posterior five 
anastomose and change their course to dorso-mesio-cephalad and emerge 
on the mesial surface of the bone at the point i. The canals beginning at 
b and c proceed in the same general direction as those mentioned, and, 
after anastomosing, open to the mesial surface at two places very near 
point B (also indicated in fig. 8, cb) ; a marks the open end of the canal 
which led to the fang, the latter having been broken off of this palatine. 
This canal was traced to a point at the level of A-tf, where it opened to the 
mesial surface (fig. 9, a). The outline of the basal portion of the fang 
is shown, and the continuation of the canal down the fang is indicated 
by a broken line. The large vessels in the caudal end of the bone are shown 
to belong to a system distinct from the canals in the osteodentine. Its 
main trunk proceeds dorsally through the osteodentine, giving off few 
branches until it reaches the true bond above, when it is found to branch 
profusely. At about the level A-9 its cross section was found to elongate 
cephalo-caudally. At the level B-10, it has divided into four or five large 
vessels having an elongate cross section and many small anastomosing 
vessels. Continuing dorsad, the vessels become slightly grouped at the 
level B-12, and at the level B-1U the five larger ones are in cross section 
as shown in the section taken at this place (fig. 14), and, retaining the 
same size, shape and position relative to each other, they now proceed 
dorso-cephalad until they emerge on the dorsal surface of the palatine. 
The outer edges of four of these parallel canals are represented in the 
diagram (fig. 1); the fifth one (p, fig. 14), being situated directly mesial 
to the others, could not bfe shown in the diagram. Only the edges are 
represented, as the canals are elongated in cross section and overlap so 
that they can not be shown full size (figs. 13, 14). Most of the palatines 
show the openings of these canals on the dorsal surface. 

FIGURES 2 TO 14, inclusive, are numbered to correspond to the various 
levels indicated in the diagram, indicating horizontal sections taken at 
these levels. The external side of the bone is uppermost in the sections. 
Cross sections Of canals are represented in black. Point A, figure 1, 
corresponds to line A-A in figures 2 to 9, inclusive; point B in figure 
1 to line B-B in figures 10 to 14, inclusive. The lettering in all of 



the sections corresponds to that in the diagram, figure 1, so that a, 
section 2, is the cross sections of canal a, figure 1, etc., hgf being a cross 
section of the united vessels h, g, and /, figure 1. V of section 2 is the 
cross section of the large canal in the caudal portion of the palatine. Sec¬ 
tion 3 differs only slightly from 2. Here e has united with hgf to form 
hgfe, and d is about to unite. Section 4 shows d united, and the system 
opening out to the surface at i. (See point i, fig. 1.) The areas bounded 
by curved lines in all of the sections, and marked a, 6, c, d, etc., in sec¬ 
tion 4, represent cross sections of bases of the successive fangs. Note 
the shape of these areas near the caudal end of the sections, showing that 
more than half of the external portion has been absorbed. In section 2, 
very near the upper margin of the figure, are shown five tiny openings on 
the external side of the bone, one corresponding to each of the areas 6, c, 
d, c, and /. These appear on the margins of the sections in figures 3 and 
4, well on the ground surface in figures 5 and 6 , and are not to be seen in 
section 7 or thereafter. Not many of the palatines show the openings of 
this series of canals. Section 5 shows h, g, /, e and d disconnected, and 
canal a very near the mesial surface. Figure 6 shows no important 
change. Figure 7 shows canal a divided. Figure 8 shows canals c and b 
united to form cb, which opens to the mesial surface. The section shown in 
figure 9 passes above canals c and 6, and shows a about to open to the 
surface. V has become much elongated in cross section. No drawing was 
made at level B-X. In section 10, V has branched to form the group M , 
and a has opened to the mesial surface, as shown in all sections following, 
the portion cephalad to the line B-B not being ground any further, as 
shown in the diagram, figure 1. Section 11 indicates further branching of 
the canals in the caudal end of the bone. Section 12 shows these canals 
slightly grouped again, and in figure 13 the four external canals show 
much elongated cross sections. Figure 14 shows these four canals 
slightly enlarged, and a fifth one (g) just mesial to them. These five 
proceed dorso-cephalad to the surface, as shown in figure 1. The oval 
cavity (h) is not a canal, but only a space in the bone, probably abnormal. 

Figs. 15 and 16.—Figure 15 shows a longitudinal vertical section of a 
palatine, not quite median, but taken along the line D-D in figure 16, 
which is a ventral view of the same bone after tfce portion ventral to the 
line C-C (fig. 15) had been ground away. The areas a , b, c , d, e , /, etc., 
represent the vertical sections of the successive bases of the palatine 
fangs, thus showing the relation of the osteodentine of which they are 
composed to the true bone above. The lettering in figure 16 corresponds 
to that of figure 1. X No. 837. 

Fig. 17.—A longitudinal vertical section of a palatine which has been 
described and figured as E. pctrosus by Stewart (1900). A mesial view 
of the same bone is shown in plate III, figure 5, upper figure. This pala¬ 
tine differs from figure 15 in having a dorso-cephalic process, and in the 
different outlines of the vertical sections of the successive osteodentine 
bases. The dorsal ends of the first five, a, 6, c, d, e, are bent forward. 
Bases b and e seem to have had some irregularity in growth. Evidently 
the process above base a is not simply a stage in the production of the 
fang, but is a character that was always present in this specimen and 
never occurred in the development of the palatine shown in figure 15. 
X %. No. 16. . * 





PLATE VIII. 

Enchodus petrosus Cope. 

This specimen, No. 198 in the American Museum, has been figured in 
<part, and described as a new species ( E . S&vus) by Dr. O. P. Hay, but 
since it displays several features heretofore not discussed, it was thought 
best to refigure it. 

vt, a vertebra. The fragmentary hyomandibulars ( hm ) are placed with 
their dorsal ends upward and their cephalic edges inward on the plate. The 
larger bone between them represents the dorsal aspect of the caudal erd 
of the skull; fr, the left frontal. The sutures in the skull are too indistinct 
to be traced. The broken lines represent approximately the outer margins 
of the cephalic ends of the frontals. These bones should join firmly to 
the ethmoid, eth (cf. pi. XI, fig. 1, and pi. VI, figs. 3 and 4). pal, palatine; 
pmx, the premaxillaries. The cephalic ends are placed downward on the 
plate. In life the mesial edges probably approximated each other. Near 
the mesial edges are two elongated foramina, the right one nearly one- 
fourth longer than the left. On the cephalo-ventral edges are the bases 
of a single row of teeth. 

The left palatine of this specimen furnishes a fine illustration of the 
manner in which the new fang originates. The old fang has been broken 
off, but a considerable portion of the new base remains. This is much 
flattened on the cephalic side, obviously due to the absorption of the 
osteodentine. Over this flattened surface there has been deposited a 
porous layer of new bone tissue, which in time evidently would have 
hardened and thickened sufficiently to form the base for a new fang. 
This is the only specimen examined by the author, which shows this 
particular state in the replacement of the palatine fang. It is doubtless 
perfectly normal and furnishes a substantial corroboration of the theory 
of the replacement of palatine fangs in Enchodus . 



PLATE VIII. 






PLATE IX. 

Enchodus petroms Cope. 

The pair of palatines represented on this plate is the same as that 
shown on plate VIII, viz., specimen No. 198 of the American Museum. 
In this cephalic view the layer of new bone tissue on the end of the left 
palatine is shown a little more distinctly than in plate VIII. In th" 
process of removing the gypsum crystals from this portion of the bone, 
the lateral margins of the layer wer^ broken off before the nature of it 
was discovered. The upper opercular (op) belongs to the same specimen. 
The lower of the opercular bones (op) belongs to specimen No. 804 in 
the University of Kansas Museum. The upper portion of this opercular 
is absent, but the similarity of the tuberculation and ridges on the 
outer surface of these two operculars is so striking that there seems 
little doubt that they belong to the same species. While on the opercular 
of the American Museum specimen there is only a small area just 
caudad to the point of suspension to the hyomandibular, which shows 
the tubercles distinctly, this is to be accounted for by the fact that most 
of the surface of this opercular was injured by the crystallized gypsum 
with which the bones of this specimen were originally enveloped. The 
larger ridges extend mostly dorsally and ventrally, gradually becoming 
smaller and more tuberculated caudally, the intermediate area being 
much tuberculated, but free from ridges except near the point of sus¬ 
pension, where they are very short and small, rat, metapterygoid; vt, 
vertebra. 
























PLATE X. 

Enchodus amicrodus Stewart. 

Figure 1.— art, articular; den , dentary; op, opercular; sop, subop^r- 
cular; dentary and opercular are inverted. X 1 /4. No. 51. 

Fig. 2.— den, portion of dentary, inner view; pt, pt', pterygoids; qu, 
qu', quadrates; pal, pal', palatines. X Ms. No. 812. 

Fig. 3.— Nearly complete skull: art , right articular; art', posterior 
portion of left articular; c-c, contour of dorsal side of the skull, taken 
along the line, s-s; c , diagram of occipital condyle, the lower third being 
the basioccipital, and the upper two-thirds the exoccipitals; ch, cera- 
tohyal; ch', portion of the ceratohyal attached to the epihyal, which lies 
under the metapterygoid and is indicated by broken lines; den, right 
dentary; den', impression of the left dentary in the chalk, showing that 
the symphysial portion was tuberculated externally; eth , ethmoid: exo, 
exoccipital; fr, frontal; ms, mesopterygoid; rrvt, metapterygoid; op, 
opercular; pal, pal', palatines; pop, pop', preoperculars; pt, pt', ptery¬ 
goids; p, parietal; qu, quadrate; s , suspensory pharyngeal; sp, sphe- 
notic; vt, vertebra, x Ms. No. 379. 




PLATE XI. 

Enchodus dolichus Cope. 

Fig. 1.—Complete skull, dorsal view: art, right articular; c-c, con¬ 
tour of dorsal side of skull along the line s-s; den, right dentary; den', 
left dentary; eth, ethmoid; fr, right frontal; hm, hyomandibular; ms, 
mesopterygoid; mt, metapterygoid; ns, neural spine; epi, epiotic; op, 
opercular; oat, probably ossified tendons; pmx, premaxillary; pop, pre- 
opercular; pr, pterotic; pst, post-temporal; qu, right quadrate; r, proxi¬ 
mal end of rib; scl, fragment of supraclavicle; soc, supraoccipital; vt, 
vertebra. X V*. No. 814. 

Fig. 2.—Same as figure 1, ventral view: art, left articular; br, 
branchiostegal rays; ch, ceratohyal; eh, epihyal; op, left opercular; pop, 
left preopercular; pt, pterygoid; qu, left quadrate; sop, subopercular. 
Remainder of the lettering is the same as figure 1. X No. 814. 

Fig. 3.—Pair of pectoral fins and girdle apparatus belonging to the 
skull, figures 1 and 2: ac, actinosts; cl, clavicle; hco, hypocoracoid ; he, 
hypercoracoid; me, mesocoracoid; pc, pectoral rays; pst, post-temporal; 
scl, supraclavicle. x No. 814. 





PLATE XII. 

Enchodus dolichus Cope. 

Figure 1.—Left dentary. x W (app). No. 820. 

Fig. 2.—Part of skull and girdle bones, dissociated: art, articular; 
art', cephalic end of articular; br, branchiostegals; cl, clavicle; den, left 
dentary; den', right dentary; hm, hyomandibular; iop, interopercular; mt, 
probably the metapterygoid; op, left opercular; op', right opercular; pal, 
right palatine; pal, left palatine; pop, preopercular; pt, two pterygoid 
teeth; sop, subopercular. x M. (ca). No. 174. 









PLATE XIII. 

Enchodus dolichus Cope. 

Figure 1.—Dissociated skull: art , articular; bs, probably a hasi- 
branchial; cl, clavicle; den, left dentary; den', portion of right dentary; 
den ", portion of right dentary; eh, epihyal; eth, ethmoid; he, hyperco¬ 
racoid; hco, hypocoracoid; pal, left palatine; pal', right palatine; pc, 
pectoral rays; pr, prootic; p, parietal; pt, pterygoid; scl, supraclavicle; 
soc, supraoccipital; sop , subopercular; sp, sphenotic. X */&. No. 808. 

Fig. 2.—Bones of mandible: art, left articular; art', right articular; 
ayig, angular; pal, left palatine; pt, pterygoid; qu, quadrate. X 
No. 816. 

Fig. 3.—Dissociated skull: hm, hyomandibular; iph , probably an in¬ 
ferior pharyngeal; op, opercular; pop, preopercular. The remainder of 
the lettering is the same as in figure 1. X %. No. 819. 

Fig. 4. —Pair of palatines, a quadrate and pterygoid. The right pala¬ 
tine has its fang missing, x No. 810. 





PLATE XIV. 

Enchodus dolichus Cope. 

Figure 1.—Posterior part of skull, ventral view: art , articular; boc, 
basioccipital; fr , frontal; top, probably an interopercular; opi, opisthotic; 
paly left palatine; pc y proximal end of a pectoral ray; pr, pterotic; pro, 
prootic; sp, sphenotic. X Vl- No. 831. 

Figure 2.—Mandibular elements: art , left articular; art', right articu¬ 
lar; deny right dentary; den' y left dentary; hco t hypocoracoid; pal, pair 
of palatines with fangs broken off; pmx, premaxillary; pt\ right ptery¬ 
goid; pty left pterygoid. X M- No. 821. 








PLATE XV. 


Enchodu8 Shumardi Leidy. 

Figure 1.—Nearly complete skull: art, articular; 6r, branchiostegals; 
cl, clavicle; ch, ceratohyal; pop, preopercular; den, dentary; eth, ethmoid; 
fr, frontal; hm, hyomandibular; 7ns, mesopterygoid; mt, metapterygoid; 
op, opercular; pa, parasphenoid; pal, palatine; pmx, premaxillary; pt, 
pterygoid; qu, quadrate; r, ribs; sop, subopercular. X %. No. 829. 

Fig. 2.—Nearly complete preopercular, pop, subopercular, sop; and 
fragment of opercular, op. x %. No. 823. 

Fig. 3.—Complete dentary. X %. No. 824. 

Fig. 4.—Fragmentary dentary. Type of Enchodus parvus Ste./art. 
X %- No. 321. 

Fig. 5.—Fragmentary dentary. x %. No. 825. 

Fig. 6.—Fragmentary dentary. x %. No. 826. 

Fig. 7.—Fragmentary dentary. X %. No. 323. 

Fig. 8.—Palatine, x M* No. 838. 

Fig. 9.—A palatine fang, x %. No. 828. 

Fig. 11.— den, right dentary; den', left dentary; pal, palatine; pour, 
premaxillary; pop, preopercular; pt, pt', pterygoids; qu, quadrate; sop, 
subopercular. X %. No. 827. 

Fig. 13.—Impressions in chalk of a pair of palatines. X %. No. 377. 

Enchodus dolichus Cope. 

Figure 10. —Mandible: den, dentary; art, articular, x %. No. 156. 

Fig. 12. — den, dentary; pal, right palatine; pmx, premaxillary. The 
left palatine lies on the upper edge of the premaxillary, x %. No. 832. 

Enchodus petrosus Cope. 

Figure 14.—A palatine with the fang, showing the base of the discarded 
fang not yet absorbed. X %. No. 807. 

Fig. 15. —Ventral view of a palatine, showing the openings of the old 
blood cavities, on the crescentic scars of discarded fangs, and at the 
middle of the base of the last fang, which has been broken off. X 
No. 824. 



PLATE XV. 






PLATE XVI. 

Figure 1 . —Cross section of a palatine, showing the microscopic struc¬ 
ture. The broken line m-n divides the true bone of the upper two-thirds 
from the osteoderitine of the lower third; a and b, two large blood vessels 
of the osteodentine; c, a large blood vessel of the true bone. The osteo- 
dentine differs from the true bone above in being much more compact, 
more uniform in density, and in having fewer blood vessels. The mesial 
side of the section is to the right in the figure. The drawing was made 
by means of a camera lucida. 

Fig. 2.—Diagram of a palatine bone. The line x-x indicates where the 
section (fig. 1) was taken. 











PLATE XVII. 

Figure 1.—Longitudinal microscopic section of the distal end of the 
dental fang, from specimen No. 803. The small parallelogram, a-b , indi¬ 
cates where the enlarged section shown in figure 2 was taken. There is 
no pulp cavity, the interior of the tooth being composed of osteodentine 
very similar in structure to that of the palatine. An obscure line occurs 
near and parallel to the outer margin of the dentine. The fibers of the 
dentine are at right angles to the outer surface of the tooth. 

Fig. 2.—A section of figure 1 more highly magnified: e, the enamel; 
c, the obscure dark line referred to above. In some places this line is 
hardly visible. Since there seems to be no difference in the structure of 
the dentine fibers at this point, it seems quite probable that it is caused 
by some peculiarity of the fossilization. d, dentine; g , patches of dentine 
in the osteodentine; v, blood vessel; /, bone cell cavity. 

Both of these figures were drawn by means of a camera lucida. 
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EXPLANATION OF PLATE XVIII. 

1. Bifidaria mcclungi. 

2. The same, showing the structure of the parietal tooth. 

3. Vertigo martini. 

4. Vertigo gouldi. 

. Sphyradium hasta. 

. Sphyradium alticola. 




EXPLANATION OF PLATE XIX. 

act., acetabulum; cir ., cinus; civ. sac, cirrus-sac; ex. po., excretory 
pore; ex. ves., excretory vesicle; gen. po., genital pore; in., intestinal 
caecum; La. can., Laurer’s canal; mo., mouth; oe., cesophagus; oa., ovary; 
or., oral sucker; ot., ootype; ovi., oviduct; p. prs., pars prostatica; phx., 
pharynx'; phx. gl., pharyngeal gland; sk. gl ., shell gland; tes., testis; 
ves. sem., vesicula seminalis; ut., uterus; yo. gl., yolk gland; yo. dt., 
yolk duct; vag., metraterm. 

All drawings were made with the aid of a camera lucida except 
figure 4. 

Fig. 1 . —Renifer mcgasorchis ; ventral view, x 19. 

Fig. 2. —Reyiifer acetabular is ; ventral view. X 59. 

Fig. 3.— Renifer kansensis; ventral view. X 20. 

Fig. 4.—Diagram showing the female genital organs of R. mega- 
sorchis. 




EXPLANATION OF PLATE XIX. 

act., acetabulum; cir., cinus; cir. sac , cirrus-sac; ex. po., excretory 
pore; ex. ves., excretory vesicle; gen. po., genital pore; in., intestinal 
.caecum; La. can., Laurer’s canal; mo., mouth; oe. y oesophagus; oa. f ovary; 
or., oral sucker; at., ootype; ovi., oviduct; p. prs., pars proptatica; phx., 
pharynx; phx. gl., pharyngeal gland; sh. gl., shell gland; tes., testis; 

ves. sem., vesicula seminalis; ut., uterus; yo. gl., yolk gland; yo. dt., 

yolk duct; vag., metraterm. 

All drawings were made with the aid of a camera lucida except 
figure 4. 

FIG. 1.— Renifer megasorchis; ventral view, x 19. 

Fig. 2.— Renifer acetabularis ; ventral view, x 59. 

Fig. 3.— Renifer kansensis; ventral view. X 20. 

Fig. 4.—Diagram showing the female genital organs of R. mega¬ 
sorchis. 




PLATE XX. 

Drawings made with a Zeichenprisma. Magnification X 2.16. 

Arenophilu8 osborni , n. sp. 

Fig. 1.—Dorsal view of anterior portion. 

Fig. 2.—Ventral view cf anterior portion. 

Fig. 3.—Ventral view of posterior portion. 

Geophilu8 dolichocephalus , n. sp. 

Fig. 4.—Ventral view of posterior portion. 

Fig. 5.—Ventral view of anterior portion. 

Fig. 6. —Dorsal view of anterior portion. 
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PLATE XXI. 


PLATE XXII. 

Janusia gracilis. 

Fig. 1. Cross section of young stem, x 42. A, pith; B y xylem; C. 
phloem; D y pericycle; E y primary cortex. 

Fig. 2. Cross section of old stem. X 40. A , pith; B y xylem; C. 
phloem; Z), parenchyma of the pericycle; E , the part of the cortex which 
contains the chlorophyll-bearing palisade cells, outside of which is the 
cork. 




PLATE XXII. 

Janusia gracilis. 

Fig. 1. Cross section of young stem. X 42. A, pith; B , xylem; C. 
phloem; D, pericycle; E , primary cortex. 

Fig. 2. Cross section of old stem, x 40. A, pith; B, xylem; C. 
phloem; D , parenchyma of the pericycle; E, the part of the cortex which 
contains the chlorophyll-bearing palisade cells, outside of which is the 
cork. 





PLATE XXIII. 

Fig. 3. Wood fibers, x 417. 

Fig. 4. Wood fibers, x 157. 

Fig. 5. Wood fibers, x 157. 

Fig. 6. Wood fiber, x 417. 

Fig. 7. Wood fiber, x 335. 

Fig. 8. Part of bast fiber, x 362. 

Fig. 9. Bast fiber, x 5. 

Fig. 10. Cross section of stem, showing scattered bast fibers. X 350. 
Fig. 11. Part of cross section of stem. X 335. 

Fig. 12. Epidermis, parenchyma, and bast fibers of young stem. 
X 335. A y pore in epidermis. 




PLATE XXIII. 

Fig. 3. Wood fibers, x 417. 

Fig. 4. Wood fibers, x 157. 

Fig. 5. Wood fibers, x 157. 

Fig. 6. Wood fiber, x 417. 

Fig. 7. Wood fiber, x 335. 

Fig. 8. Part of bast fiber, x 362. 

Fig. 9. Bast fiber, x 5. 

Fig. 10. Cross section of stem, showing scattered bast fibers. X 350. 
Fig. 11. Part of cross section of stem. X 335. 

Fig. 12. Epidermis, parenchyma, and bast fibers of young stem. 
X 335. A, pore in epidermis. 




PLATE XXIII. 

Fig. 3. Wood fibers, x 417. 

Fig. 4. Wood fibers, x 157. 

FIG. 5. Wood fibers. X 157. 

Fig. 6. Wood fiber, x 417. 

Fig. 7. Wood fiber, x 335. 

Fig. 8. Part of bast fiber, x 362. 

Fig. 9. Bast fiber, x 5. 

* Fig. 10. Cross, section of stem, showing scattered bast fibers. X 350. 
Fig. 11. Part of cross section of stem, x 335. 

Fig. 12. Epidermis, parenchyma, and bast fibers of young stem. 
X 335. A , pore in epidermis. 


















PLATE XXIV. 

Fig. 13. Wood parenchyma cells and fiber tracheids. x 295. 

Fig. 14. Longitudinal section of young stem, showing tracheal tubes 
and wood parenchyma. X 335. 

Fig. 15. Longitudinal section of part of old stem, x 335. A , phloem 
parenchyma cells; B , parenchyma cells of the pericycle; C, suberised cells. 



PLATE XXIV. 









PLATE XXV. 

Fig. 16. Portion of xylem with tracheal tubes, x 295. 

Fig. 17. Surface view of epidermis of stem, x 295. 

Fig. 18. Pitter tracheal tubes. X 335. 

Fig. 19. Medullary ray cells as seen in longitudinal section. X 630. 
Fig. 20. Epidermis of stem, x 315. 

Fig. 21. Pith cells, x 295. 

Fig. 22. Palisade cells as found in the pericycle of old stems, x 280. 
A, cork; B , parenchyma. 

Fig. 23. Stoma of stem, x 315. 




Fig. 24. 
and veins. 
Fig. 25. 
Fig. 26. 
X 40. 


PLATE XXVI. 

Surface view of leaf, showing upper epidermis, palisade cells, 
X 335. 

Leaf with complete venation, x 10. 

Surface of part of a leaf, showing the hairs as they appear. 



PLATE XXVI. 



PLATE XXVII. 

FIG. 27. Cross section of leaf. X 270. 

Fig. 28. Cross section of pore found in leaf. X 337. 

Fig. 29. Longitudinal section of leaf, showing hair in place. X 350. 
A y cutinized part of .stalk of trichome; B t continuation of outer wall of 
the epidermis; C, pore. 

Fig. 30. Part of longitudinal section of leaf hair, x 295. 

Fig. 31. Stem hairs, x 80. 



PLATE XXVII. 



PLATE XXVIII. 

Pig. 32. Longitudinal section of leaf through midrib. X 335. 
Fig. 33. Cross section of leaf through midrib. X 335. 
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PLATE XXIX. 


page 

Fig. 1 . Difflugia pyriformis . 202 

Fig. 2. Difflugia lobostoma . 202 

Fig. 3. Difflugia pyriformis . 202 

Fig. 4. Difflugia lobostoma . 202 

Fig. 5. Difflugia pyriformis . 202 

Fig. 6. Difflugia pyriformis . 202 

Fig. 7. Difflugia globulosa . 202 

Fig. 8. Difflugia globulosa . 202 

Fig. 9. Difflugia pyriformis? (much like D. globulosa) . 202 

Fig. 10. Difflugia pyriformis . 202 

Fig. 11. Difflugia arcula . 203 
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Fig. 12. Difflugia corona . 202 

Fig. 13. Difflugia globulosa . 202 

Fig. 14. Difflugia globulosa (?) . 202 

Fig. 15. Difflugia constricta . 203 

Fig. 16. Difflugia globulosa . 202 

Fig. 17. Difflugia globulosa . 202 
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Fig. 18. Difflugia acuminata . 203 

Fig. 19. Difflugia pyriformis . 202 

Fig. 20. Difflugia globulosa . 202 

Fig. 21. Difflugia globulosa . 202 

Fig. 22. Difflugia pyriformis (conjugating) . 202 

Fig. 23. Difflugia constricta—oral view . 203 

Fig. 24. Difflugia constricta—lateral view of 23. 203 

Fig. 25. Difflugia urceolata . 203 
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Fig. 26. Difflugia acuminata . 203 

Fig. 27. Difflugia urceolata . 203 

Fig. 28. Difflugia pyriformis . .. 202 

Fig. 29. Difflugia globulosa . 202 

Fig. 30. Difflugia globulosa . 202 

Fig. 31. Difflugia pyriformis . 202 

Fig. 32. Difflugia globulosa . 202 

Fig. 33. Difflugia lobostoma . 202 

Fig. 34. Pseudodifflugia gracilis . 203 

Fig. 36. Pseudodifflugia gracilis . 203 

Fig. 36. Pseudodifflugia gracilis . 203 
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PLATE XXXIII. 
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Fig. 37. Arcella vulgaris, oral view . 204 

Fig. 38. Arcella vulgaris, side view . 204 

Fig. 39. Arcella vulgaris, dorsal view . :04 

Fig. 40. Arcella vulgaris, tipped . 204 

Fig. 41. Arcella vulgaris, oral view . 204 

Fig. 42. Arcella discoides, oral view . 204 

Fig. 43. Arcella discoides, side view . 204 

Fig. 44. Arcella vulgaris, side view . 204 

Fig. 45. Arcella vulgaris, oral view . 204 

Fig. 46. Arcella vulgaris, side view . 204 

Fig. 47. Arcella vulgaris, top view . 204 














PLATE XXXIII. 
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Fig. 48. Arcella vulgaris, oral view . 204 

Fig. 49. Arcella vulgaris, top view . 204 

Fig. 50. Arcella vulgaris, side view . 204 

Fig. 51. Trinema euchelys . 205 

Fig. 52. Trinema euchelys . 205 

Fig. 53. Trinema acinus . 205 

Fig. 54. Trinema euchelys, encysted . 205 

Fig. 55. Trinema euchelys . 206 

Fig. 56. Euglypfra alveolata . 204 

Fig. 67. Euglypha ciliata . 204 

Fig. 58. Euglypha alveolata . 204 

Fig. 59. Assulina seminulum . 204 

















I’LATE XXXV. 

pan- 


Fig. 60. Centropyxis aculeata . 205 

Fig. 61. Centropyxis ecornis . 205 

Fig. 62. Heleopera petricola . 205 

Fig. 63. Hyalosphenia cuneata . 205 







PLATE XXXV. 



PLATE XXXVI. 

(No. 9.) 

pan* 


Fig. 64. Hyalosphenia papillio . 2(»5 

Fig. 65. Pamphagus mutabilis. 206 

Fig. 66. Pamphagus mutabilis. 206 

Fig. 67. Pamphagus mutabilis.‘. 205 

Fig. 68. Pamphagus hyalinus . 206 

Fig. 69. Nebela collaris. 206 
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PLATE XXXVI. 

(No. 15.) 

Pig. 1 . Cross section of old stem, x 17^. a, collenchyma rib; b, cal¬ 
cium oxalate crystals; c, palisade parenchyma cells; d, tracheal tubes; 
e, phloem masses surrounded by xylem; /, calcium oxolate crystals. 

Fig. 2. Cross section of young stem, x 34. a, short chloroplast-bear- 
ing cells; 6, secondary xylem mass; c, palisade parenchyma. 

Fig. 3. Cross section of root, x 78. a, large parenchyma cells, aqueous 
tissue; b, small parenchyma cell of the pericycle; c, masses of phloem; 
d, tracheal tubes. 



PLATE XXXVI. 

(No. 15.) 





PLATE XXXVII. 


Fig. 4. Primary vascular bundle, x 375. 

Fig. 5. Section of cross section of old stem, x 100. a, epidermis; 6, 
palisade parenchyma; c, short chloroplast-bearing cells; d, aqueous tissue; 
e , phloem; /, collenchyma rib. 

Fig. 6. Primary vascular bundle from young stem, x 995. 

Fig. 7. Phloem from primary vascular bundle of old stem. X 450. 
a, protein grains. 



PLATE XXXVII. 



PLATE XXXVIII. 

Fig. 8. Cross section of collenchyma rib. x 255. 

Fig. 9. Longitudinal section of collenchyma rib. x 165. a, collen¬ 
chyma cells; 6, parenchyma cells. 

Fig. 10. Cross section of stoma, x 285. 

Figs. 11 and 12. Trichomes from stem, x 65. a, basil cell. 

Fig. 13. Epidermis from stem, x 183. a, epidermal cells above col- 
lenchyma ridge; 6, epidermal cells in channels. 

Fig. 14. Longitudinal section of stem, x 165. o, guard cell of stoma; 
b, palisade parenchyma; c, short chloroplast-bearing cells; d, paren¬ 
chyma cell of an aqueous tissue. 



PLATE XXXVIII. 





PLATE XXXIX. 

Fig. 15. Wood fibers, x 230. 

Fig. 16. Cross section in stem, x 390. a, phloem; b, parenchyma of 
pericycle; c, starch sheath; d, starch; center. 

Fig. 17. Compound grains of starch, x 995. 

Fig. 18. Xylem parenchyma, x 255. 

Fig< 19. Longitudinal section of secondary phloem x 255. a, calcium 
oxalate crystals. 

Fig. 20. Longitudinal section of stem; primary bundles. x 390. 
a, xylem parenchyma; b t pith. 

Fig. 21. Tracheids and tracheae; mascerated sections, x 390. 






















PLATE XL 

Fig. 22. Outline of leaf, showing frequency of calcium oxalate crys¬ 
tals. X 8. 

Fig. 23. Outline of leaf, showing venation, x 8. 

Fig. 24. Epidermis of leaf. X 182. a, elongated epidermis on top of 
leaf. 

Fig. 25. Diagramatic drawing of tip of leaf, x 65. a, spine; 6, bast 
fibers; c, tracheal tube; d , epidermis; e, palisade parenchyma; f , short 
chloroplast-bearing parenchyma; g, aqueous tissue; h , calcium oxalate 
crystals. 

Fig. 26. Longitudinal section through vein, x 375. 

Fig. 27. Cross section of palisade parenchyma and short chloroplast- 
bearing cells. X 375. 

Fig. 28. Tangential section of short chloroplast-bearing cells. X 375. 

Fig. 29. Water-storage aqueous tissue, a , plastids. 












PLATE XLL 

Fig. 80. Cross section of leaf about one-third of distance from base. 
X 100. a, top; b, trichomes; c, palisade parenchyma; d, short chloro- 
plast-bearing cells; <\ branches of vein; /', water-storage tissue; g, mid¬ 
vein. 

Fig. 31. Cross section of leaf at base of spine. X 100. a, bast fibers 
of spine. 

Fig. 32. Cross section of spine, x 100. 

Fig. 33. Cross section of spine. X 400. 

Fig. 34. Cross section of midvein. x 570. 

Fig. 35. Mascerated section of bast fibers in spine, x 250. 



PLATE XLI. 




PLATE XLII. 

Fig. 36. Photograph of late and early growths of stem with the spiny 
and succulent leaves, respectively. 






PLATE XLIII. 

Gaertneria deltoidea Torr. 

Fig. 1. Cross section of stem, showing at a, cork; b, collenchyma; c, 
cortex parenchyma; d, bast fibers; e, pericycle parenchyma; /, phloem 
tissue; g , xylem; h, pith. X 100. 

Fig. 2. Ditto. X 100. 




PLATE XLIV. 

Gmrtneria deltoidea Torr. 

Fig. 3. Cross section of stem, x 100. 

Fig. 4. Cross section of pith, old stem, lignified, showing pits, x 576. 
Fig. 5. Cross section, young unlignified pith. X 620. 

Fig. 6. Cross section, young pith, showing chloroplasts. X 2300. 

Fig. 7. Longitudinal section, pith, lignified. x 675. 



PLATE XLIV. 


PLATE XLV. 

Gssrtneria deltoidea Torr. 

Fig. 8. Longitudinal section, thin-walled parenchyma. X 560. 

Fig. 9. Cross section, ditto, showing chloroplasts. X 560. 

Fig. 10. Cross section, ditto, showing food (proteid). x 575. 

Fig. 11. Cross section, bast fibers. X 575. 

Fig. 12. Longitudinal section, stem, showing phloem and sieve plate 
at A . X 2300. 

Fig. 13. Cross section, phloem tissue, x 575. 

Fig. 14. Longitudinal section, phloem tissue. X 575. 



PLATE XLV. 




PLATE XLVI. 

Gaertneria deltoidea Torr. 

Fig. 15. Showing tracheal tube elements of macerated stem. X 575. 
Fig. 16. Bast and wood fibers from macerate, x 575. a, Wood 
fibers; b , bast fibers. 

Fig. 17. Tracheal elements found in macerated stem, x 575. 

Fig. 18. Longitudinal section. A, bast fibers; B, starch sheath. 
X 575. 

Fig. 19. Cross section, xylem tissue, showing at a, wood fibers, and at 
6, tracheal elements. X 575. 

Fig. 20. Xylem parenchyma elements found in macerate. X 575. 




















PLATE XLVII. 

Gsertneria deltoidea Torr. 

Fig. 21. Cross section of petiole of leaf. 

Fig. 22. Cross views at a, b , and c of resin ducts or secreting spaces 
found in endodermal region of stem. X 2300. 





PLATE XLVIII. 

Gasrtneria deltoidea Torr. 

Fig. 23. Cross section, stem, from epidermis to pith region, showing 
at a, epidermis; at 6, collenchyma; at c, thin-walled parenchyma; at d , 
bast fiber; at e, phloem; at /, xylem; at g, pith. 

Fig. 24. Cross section of epidermis of young stem, showing chloro- 
plasts. x 2300. 

FIG. 25. Longitudinal section, collenchyma tissue X 560. 

Fig. 26. Cross section, collenchyma tissue x 575. 

Fig. 27. Cross section, stem, showing hairs. X 560. 

Fig. 28. Showing odd forms of hairs found on epidermis. X 530. 

FlG. 29. Longitudinal section of stem epidermis. X 560. 



PLATE XLVIII. 





PLATE XLIX. 

Gssrtneria deltoidea Torr. 

Fig. 30. Showing leaf venation. Drawing from bleached leaf. 

Fig. 31. Cross section, leaf, showing glandular hair and stomata. 
X 2300. 

Fig. 32. View of top of leaf, showing clothing and glandular hairs. 
X 650. 

Fig. 33. Cross section, leaf, showing attachment of clothing hairs. 
X 2300. 

Fig. 34. a shows upper epidermis of leaf with stoma infected by 
fungus; b shows lower epidermis and stoma of above leaf infected by 
fungus. 



PLATE XLIX. 





PLATE L. 

Gsertneria deltoidea Torr. 

Fig. 35. Tangential section of leaf, showing tracheal elements, and 
adjacent parenchyma cells, x 575. 

Fig. 36. Composite drawing showing epidermal cells at surface, pali¬ 
sade tissue just beneath, and at deepest focus the tracheal elements. 
X 400. 

Fig. 37. Showing tangential section of tracheal elements and thick- 
walled water-storage parenchyma tissue. X 550. 

Fig. 38. Surface view of leaf epidermis, x 560. 



PLATE L. 



PLATE LI. 

Gsertneria deltoidea Torr. 

Fig. 39. Cross sections of the same leaf at different places, x 400. 
Fig. 40. Showing top view of glandular hair, x 2300. 

Fig. 41. Tracheal elements in midrib, x 530. 




PLATE LII. 

Gasrtneria deltoidea Torr. 

Fig. 42. Showing cross section of leaf with palisade tissue going 
through from one epidermis to the other. X 2300. 

Fig. 43. Showing cross section of leaf with storage parenchyma cells 
containing chloroplasts, at a. 

Fig. 44. Showing cross view of xylem tissue of leaf. X 2300. 

Fig. 45. Showing modified stone cells found in cross section of leaf 
infected by fungal growth. 

Fig. 46. Cross view of leaf, showing palisade tissue, a, abutting on 
a vein; b, thick-walled water-storage parenchyma. 







PLATE LIII. 

Gssrtneria deltoidea Torr. 

Fig. 47. Cross section, root, showing, a, root hairs; b, cortex tissue; 
c y pericycle; d , stone cells; e f phloem; /, xylem. X 170. 

Fig. 48. Showing cross section of xylem of root, x 700. 

Fig. 49. Longitudinal section, root, a, wood parenchyma; 6, tracheal 
tubes. 

Fig. 50. Longitudinal section of root xylem, showing, a, wood fibers; 
by tracheids; c, tracheal tubes. X 525. 

Fig. 51. Longitudinal section of root xylem, showing ring-formed 
remnants of end walls of tracheal elements, x 350. 

Fig. 52. Cross section of stone cells of root, x 700. 





PLATE LIV. 

Gaertneria deltoidea Torr. 

Fig. 53. Longitudinal section, root hairs and root epidermis. X 625. 
Fig. 54. Cross section, ditto. X 625. 

Fig. 55. Cross section of suberized cortical tissue with still function¬ 
ing nuclei, x 700. 

Fig. 56. Wood fibers of root, x 330. 



PLATE liv. 




PLATE LV. 

Fig. 1. Cross section of young root, x 292. a, xylem; 6, phloem; c, 
protoxylem point; d, heavy-walled endodermis; e, cortex. 

Fig. 2. Cross section of stem. X 63. I, pith; q, air space in pith; u , 
large cell in central portion of pith; k , xylem; j, phloem; h, bast fiber 
bundle; /, epidermis; g, strengthened corner of stem; i, chlorophyll tissue. 

Fig. 3. Stem epidermis. X 292. g , epidermal cell; h , stoma; /, glan¬ 
dular hair. 

Fig. 4. Specialized glandular hair (m) from stem, x 292. 

Fig. 5. Hairs from leaf. Similar to those on stem, x 63. 

Fig. 6. Cross section of stem at corner, x 292. a, bast fibers; c, 
sheath cell; v, parenchyma inside xylem, resembling phloem; p, lignified 
pith cells. 

Fig. 7. Cross section of stem at side. X 292. o, chlorophyll cells; 
p, air space; n, secondary epidermis; q, phloem; d, lignified parenchyma 
connecting bundles; y , wood parenchyma; s, water tube; z, pith cell. 





PLATE LVI. 

Fig. 8. Tangential section of stem through chlorophyll region, x 618. 
6, chloroplasts; s, nucleus. 

Fig. 9. Longitudinal section of stem. X 292. x , spiral tracheal 
tubes; w , row of pitted tracheids; o, phloem; i, sclerenchyma sheath; t, 
bast fibers; u, epidermis; v, chlorophyll cells. 

Fig. 10. Crystals from stone cells. X 618. 

Fig. 11. Tangential section of stem through two groups of bast 
fibers. X 292. w, j, bast fibers; k y overlapping of ends of fibers; y f stone 
cells; z t lignified parenchyma. 

Fig. 12. Bast fiber with m, straight pit. X 292. 

Fig. 13. Special bordered pits in tracheids. t , pit-like structure. 
X 618. 

Fig. 14. Epidermis of leaf. X 350. 

Fig. 15. Trichome from leaf. X 350. c, papilla; d, core-like center. 
Fig. 16. Stoma, cross section of leaf. X 618. p, air space; q , guard 
cell. 

Fig. 17. Epidermis of leaf, showing cutinization by heavy line. 
X 292. n, upper surface; o, lower surface; p f lower surface under midrib. 
Fig. 18. Sieve tubes from phloem, b, sieve plate. X 618. 

Fig. 19. Overlapping of tracheids in rows, x 618. 




























PLATE LVII. 

Fig. 20. Composite drawing of bleached leaf. X 350. 6, epidermis; 
c, stoma; d, trichome; e t palisade cells; /, veins. 

Fig. 21. Longitudinal* section through midrib of leaflet. X 292. t, 
bast fibers; u , wood parenchyma; v , tracheids; w , stone cells. 

Fig. 22. Cross section of leaf, x 350. k, upper epidermis; o, stoma; 
/, g , c, air chamber; d, palisade tissue; e, vein; h, parenchyma; 6, lower 
epidermis. 

Fig. 23. From midrib of leaf. Sheath broken, showing bast fibers (m) 
beneath. X 292. 

Fig. 24. Cross section of leaf petiole, (z) bundle, x 63, 

Fig. 25. Tangential section leaflet petiole. X 63. 

Fig. 26. Starch-containing cells from leaflet petiole, x 618. 














PLATE LVIIL 

Fig. 27. Sheath of midrib near tip. X 292. Differentiation of border 
parenchyma ( l) into stone cells (j). 

Fig. 28. Extreme tip of midrib sheath, x 292. 

Fig. 29. Drawings of leaf veins with border parenchyma, x 292. 

Fig. 30. Ultimate endings of leaf veinlets in groups of spiral tra- 
cheids. X 292. 

Fig. 31. Cross section of leaf base. X 63. k, upper epidermis; r, 
palisade tissue; m, lateral veins; i, spongy parenchyma; j , phloem of 
midrib; Z, xylem of midrib; p, lower epidermis. 

Fig. 32. End of tracheal tube, x 618. 

Fig. 33. Cross section of midrib from figure 31. x 292. a, xylem; 
6, phloem. 

Fig: 34. Bast fiber. No pits visible, x 292. 

Fig. 35. Cross section of leaflet petiole, x 292. c, starch-containing 
cells; d, stone cells; e , phloem; /, xylem. 

Fig. 36. Water-storage tissue under midrib of leaf, x 350. 

Fig. 37. Cross section of xylem in midrib, x 1233. g, tubes; h , wood 
parenchyma. 

Fig. 38. Cells of sclerenchyma sheath, x 618. 

Fig. 39. Group of tracheids from leaf, x 292. 

Fig. 40. Row of tracheids from leaf, x 292. 



PLATE LVIII. 








PLATE LIX. 

Fig. 41. Bleached leaf showing veining system, x 15. 8 , drip tips; 
z, midrib; y, sheath surrounding midrib; x, bunch of tracheids. 
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